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Abstract 

We invoke an efficient search algorithms as a key challenge in multi-qubit quantum 
systems. An original algorithm called dynamical quantum search algorithm from which 
Grover algorithm is obtained at a specified time is presented. This algorithm is dis¬ 
tinguished by accuracy in obtaining high probability of finding any marked state in a 
shorter time than Grover algorithm time. The algorithm performance can be improved 
with respect to the different values of the controlled phase. A new technique is used to 
generate the dynamical quantum gates in the presence of dissipation effect that helps in 
implementing the current algorithm. 


1 Introduction 

In the early 1996s, Grover search algorithm (GA) has attracted much interest, since it could 
work in quantum computer. The quantum search, from computational point of view, is proved 
to get approximately 0{\/N) operations (in comparison with the 0{N) classical operations), 
which indicates a quadratic speedup [^|^. Many efforts have been devoted to achievement of 
this algorithm theoretically and experimentally by using superconducting qubits [^, trapped 
ions [^, atom cavity QED systems and nuclear magnetic resonance (^. Also, most pre¬ 
vious studies for improving the quantum GA were general and do not depend on a physical 
system. Further, all previous implementations of quantum GA have been developed depending 
on Grover visualizations, where the control phase parameter for the controlled phase gates or 
oracle is switched to tt or | j^[^. However, an interesting work by Long et al has replaced 
the Grover’s arbitrary phase by |. The combination of strong resonant interactions with tight 
subwavelength traps gives an excellent opportunity to implement much faster quantum gates. 
However, there is no way to achieve single site addressability in those systems. Existing propos¬ 
als circumventing this problem do not consider an arbitrary controlled phase parameter 
or dispassion effect, as the interaction need not to be restricted by certain values of the phase 
control. 

In this article, we propose to add new factors allowing for signihcant speedup. By combining 
a multi-qubit system with dissipation taking into account an arbitrary phase control, we can 
achieve a fast search in a realistic setting. We assume that the control phase is time-dependent 
to realize the dynamical quantum controlled phase gates. It is shown that the involved time 
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Figure 1: Schematic diagram of quantum dots ensemble. A single surface plasmon injected 
from outside is coherently scattered by the dots. Our interest is to consider all the possible 
interactions between any arbitrary pair or more inside the sample. The dissipation effect 
resulted from the direct contact between the qubits and the plasmone surface. 

is the crucial factor for controlling and searching of any marked state regardless the number 
of qubits. Consequently, we dehne a new algorithm called a dynamical quantum search algo¬ 
rithm (DQSA). The proposed algorithm is a generalization of Grover algorithm and (i) gives 
a higher probability of hnding any marked state in shorter time, (ii) there is no restriction on 
the controlled phase parameter and (hi) the presence of qubits dissipation is allowed. 


2 Quantum Search Algorithm with Dissipation 


The effect of a thermal bath has been used to improve the performance of a quantum adiabatic 
search algorithm [Tol. Vega et al 11 compared the effects of the held dissipation on the 


algorithm performance with those of a structured environment similar to the one encountered 
in systems coupled to an electromagnetic held that exists within a photonic crystal. They show 
that, the algorithm performance has been improved by tuning the environment parameters to 
certain regimes j^. We consider the problem with a diherent perspective, where the algorithm 
may be implemented within a system taking into account the qubit dissipation. Here, we 
consider a dense multi-qubit system sample interacting with a single surface plasmon injected 
from outside. In this case, we consider all the possible interactions between any arbitrary pair 
or more inside the sample (see FigQ. The direct contact between the qubits and the plasmone 
surface yields dissipation ehects. As a consequence, we assume that the dipole-dipole interaction 
potential is nonidentical for all qubits. Other appropriate systems could be superconducting 
qubits 


13,14 or double quantum dot excitonic systems 15 . Such a model can be written as 


follows 
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where S = {si, S2, refer to the labels of the qubits, N is the number of qubits, 7^ are 

the dissipation rates of different qubits, Jsj,..., Js„ are the energies biases, A is the coupling 
constant and JsiS2, JsiS2S3, JsiS2S3S4, ■■■, Jsi...s„ are the interaction energies between two qubits 
or more. In the proposed model, the interaction energy between qubits is set to provide the 
maximum ferromagnetic coupling. Here, we consider the number of qubits is = 9 and 
S = {si, S2,..., Sg}. To realize the dynamics of the controlled phase gates for different qubits, 
we write, for simplicity, that the sub-indexes si = s, S2 = j, S3 = k and S4 = I, S5 = m, sq = n 
and so on. 

First, we use the case of = 2 and S = {si, S2}. Hence, the time evolution of system Q in 
these cases is given by U2(t). Therefore, we can realize a two-qubit dynamical controlled phase 
gates in the presence of qubits dissipation in the following context. 

• If Ji = J2 = ±(Jii J22) and J12 = J21 = we get U2{t) -)■ Hee(^;71,72) and 

U2{t) —^ 71,72)• 

• If Ji = ±(Jii J22), J2 = -Ji and J12 = J21 = ±^-^2, we obtain U2{t) -)■ F’eg(^; 7 i, 72) 
and U2it) -)■ .Pge(t; 71,72)• 

Second, we use the case of A^ = 3 and S = {si, 52,53}. In this case, it is assumed that (i) 
Jkkj Jkjki Jjkk 2 '^ttt aud Jkj Jjki j 7 ^ (h) F'sjfc Jss T Jjj “F Jkk aud Jgjk rci, 

^ s ^ j ^ k. Hence, after applying these steps, the time evolution of system ([^ is given by 
Usit). So, we can realize three-qubit dynamical controlled phase gates in the presence of qubits 
dissipation as follows. 

• If = ±Fsjk, Jjk = i'^sj^j^k) and Wi = ±lFsjk, we get Usit) Peee{t] 7 i, 72 ,73) 
and Usit) Pggg(t; 7 i, 72 , 73 )- 

• If Ji = J2 = ±Fsjk, Js = TFsjk, J12 = Fl-Ji, -Jis = -hs = t\J2 and Wi = T\Fsjk we 
obtain U3{t) -)■ Aeg(^; 7 i,72,73) and U3{t) -)■ .Pg9e(^; 7 i, 72 ,73)- 

• If Ji = J3 = ±Fsjk, J2 = TFsjk, J12 = J23 = ±^<^2, Ji 3 = ±1^3 and wi = T^Fsjk, then 
U3{t) -)■ Age(i; 71,72,73) and Usit) Pgegik 71 , 72,73) ■ 

• If Ji = TFsjk, J2 = J3 = TFsjk, J12 = Ji 3 = F\J3, J23 = T^Ji and wi = T^Fsjk, one 
obtains Usit) -7 PeggP; 71,72,73) and Usit) -7 Pgeeik 71,72,73)■ 

Third, when A^ = 4 and S = {51,52,53,54}, and assume that (i) Jjsks = —Jsjsk and Jsjks = 

Jjssk,'^ S ^ j ^ k^ (ii) Jkss ^Jkkk, Jssk Jsks and Jsksk Jskks,'^ S ^ /c, (iii) Jjjkk 0 , 

Jjk = Jkj and Jssjk = —Jjkss,'Jj 7 ^ k, the time evolution of system ([^ is given by 174 (f). After 
that, we write (i) Esjki — (^Jss T Jssss T Jjj T Jjjjj T Jkk T Jkkkk T Jii T Jiiii),'Js ^ j ^ k ^ I, 
(ii) wi = Jsjk{s,j,k = 1 , 2 , 3 ), W2 = Jsjk{s,j,k = 1 , 2 , 4 ), W3 = Jsjk{s,j,k = 1 , 3 , 4 ) and 

= Jsjk{s,j,k = 2 , 3 , 4 ), Ts j k; (iii) ^EsjkA = Oi, ^Esjks = 0-2, \Esjk 2 = 0,3 and 
^Esjki = cii- Now, one can realize the four-qubit dynamical controlled phase gates in following. 

• If Jsjki = ^Esjki, Js = TEsjki, Jjk = F\Js (\f s j k), wi = ±ai, W2 = ±02, W3 = ±03 
and W4 = ±04, one obtains 174(f) —>■ Peeee{t',7i, ■■•,74) and l) 7 t(f) -7 Pggggit;7i, ...,74). 

• If Jsjki = ~^Esjkl, Jl = J2 = J3 = TEsjki, J4 = TEsjki, J12 = 7i3 = J23 = ±^^2, 
Ji 4 = ^24 = 734 = t\J3, Wi = ±ai, W2 = ±02, W3 = ±03 and wa = ±04, then 
174(f) Peeeg (f; 7 i, ..., 74) and 174(f) Pgggeik 7 i, ...,74). 
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• If Jsjkl — 24 J^ — ^Egji^i, Ji 2 — t/l 4 — J2A — T 2'^35 

-^13 = </23 = <^34 = ±^<^3, Wi = =Fai, W2 = ±^2, W'i = ^<^3 and W4 = =Fa4, obtain 
UAii) Peege {t] 7n ■■■, 74) and 174(f) -t Eggegi^ 7l, ••■, 74)- 

• If Jsjkl ^Egjklt Jl J2 EEsjkh J3 Ja J~Esjkh Jl 2 JsA J13 

JiA = J23 = ^24 = E^Ja, Wi = =Fai, W2 = TO‘2, W3 = ±03 and W4 = ±04, then 
t/4(f) -)■ Peeg3(f;7l, ■■•,74) and U^it) -)■ Egg^eit] Ji, ..., ^4). 

• If Jsjkl ~ ^Esjkh Jl ~ J3 ~ Ja ~ EEgjkh ^2 ~ J~Esjkh Jl2 ~ J23 ~ J2A ~ J~2’^A) 

Ji3 = JiA = J3A = Wi = =Fai, W2 = ±02, W3 = ±03 and W4 = ±04, one obtains 

UA(t) -)■ -Pegee(f;7l> •••,74) and U4(t) -)■ Pgegg(^; 7l, • • •, 74)• 


• If Jsjkl 2 A^^EI^ *^3 EEsjkli J2 Ja J~Esjkli Jl 2 JlA J23 J3A E^Jai 

Ji 3 = J 2 A = T^Ja, Wi = ±oi, W 2 = ± 02 , W 3 = ±03 and W 4 = ± 04 , we get f7t(f) —)■ 
hgeg{t;7l,--,'yA) and U4{t) Pgege{t; 7l, ■ ■ ■, 74:) ■ 


• If Jsjkl — 2A^^E^'> — '^4 — EEsjkl) J 2 — J 3 — 7~Esjkl) ^12 — 7i3 — J 2 A — J 3 A — ± 2 '^ 2 , 

Ji 4 = J 23 = ± 1 ^ 4 , W 4 = ±Oi, W 2 = ± 02 , W 3 = ±03 and W 4 = ± 04 , then 174 (f) —f 

A;gge(f;7l, ■■•,74) and P4(f) “f Pgeeg{t] 7l^ ■ ■■: Ia) ■ 

• If Jsjkl ~ Jl ~ PEgjkli J2 ~ J3 ~ Ja ~ 7 ~Esjkli J12 ~ J13 ~ JlA ~ ±2'^!) 

J23 = J 2 A = J 3 A = T^J 2 , Wi = ±oi, W 2 = ± 02 , W 3 = ±03 and wa = ± 04 , one obtains 

Uiit) -)■ Peggg(f;7i, ...,74) and f/4(f) -)■ Pgeee(^; 7l, 74)- 

In the above notations (First, Second and Third) the top sign is nsed to realize the hrst part 
while the lower sign is nsed to realize the second part. 

Using the same techniqne, one realizes the dynamical controlled phase gates in the presence 
of the dissipation for the case of iV = 5, 6 , 7 ,8 and 9. The calcnlations of the dynamics gates 
when N = 5, 6 , 7, 8 and 9 lengthy and are not presented here. Bnt we present some resnlts 
of application of these dynamic controlled phase gates for different qnbits in calcnlating the 
probabilities of marked and nn-marked states in the presence of dissipation, see appendix. If 
7 i = 0,f = 1,2, ...,9, one obtains the ideal dynamical controlled phase gates. The dynamical 
conditional phase gates for N qnbits is governed by a dynamical control parameter phase 
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The parameter 6 *at for different qnbits is given by: 

^2 — 1 Jrrt ^3 ^2 ± ^33, 64 —i {Jrr ± Jrrrr) 1 

83 84 ± ^55, 8q —1 {Jrr ± Jrrrr ± Jrrrrrr)i ^7 ^6 ± Jlli 

83 ^ 7 —1 ( Jrr ± Jrrrr ± Jrrrrrr ± Jrrrrrrrr) and 8q 83 ± Jqq- 


( 2 ) 


For an individnal qnbit and based on the available experimental data as given in 16,17 


we 


assnme that the valne of XJs = 8 ^ {s = 1, 2, 3,..., N) to realize one qnbit gate in the presence 
of dissipation. Now, one can realize a one-qnbit gate lF( 7 s) in the following context. The time 
evolntion of system nnder Hs = — is given by U/(f), and the time evolntion of system 

nnder 77^ = exp(f 7 r(T®/ 4 )Psexp(—zTrd^/d) — is given by l^'^(f). Then, it is conclnded 


that 
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with = \/l66>^ -72. 

The current algorithm has two registers, the N qubits in the hrst register and one qubit in the 
second register. Therefore, the proposed system contains A ^+1 qubits. Initialize an A ^+1 qubits 
system to the state \gi, g2 ,Qn) lew+i), where the state in the second register refers to the 
excited state of an auxiliary working qubit. Now, we implement the dynamical quantum search 
algorithm in the presence of dissipation as follows: Performing IT®'^(7i,72, ...,7jv) on the hrst 
register and performing iy(7jv+i) on the second register. Then, we apply the dynamical con¬ 
trolled phase gates Px(t;'ji, ...,7Ar) on the hrst register ( where x E A and A = {gig2...gN-igN, 

gig2---gN-ieN-, gig2---gN-2eN-igN-,----, ^ie2---&N-igN, giG2---&n-iGn}) and apply IT“^(7Ar+i) on 
the second register. Consequently, it is to observe the state of A which has been stored in the 
data qubits before applying the dynamical controlled phase gates or oracles. Also, we note that 
after applying this step the dynamical controlled phase gates have ehects only on the states to 
be searched in the hrst register and the state of the second register does not change. So, we can 
omit the auxiliary working qubit or one can discard the state of the second register at this point 
via normalization of this state. Finally, we apply a new dynamical dihusion transform matrix, 
.D(f; 7 i,..., 7 iv) = exp(i/ 3 jv(t))f^®^( 7 i,--, 77 v) 4 i 92 ...to(^; 7 n--, 7 iv)W®^( 7 n--, 7 iv), on the hrst 
register and measure the resulting state. Consequently, the hnal formula of the dissipation 
DQSA is given by: 


N-l 

DQSA = J] 


N-i 


;7i,...,77v)P,,(f;7i,...,77v) [ iy®^( 7 i, ...,7iv)Qi^2.-^7v-i^7v), ( 4 ) 


2=1 


where — 1 is the number of iterations. In the absence of dissipation, the matrix elements of 
D, at any time, are Dij = Dji for i ^ j {i,j = 1,2, while all diagonal elements Da are 

equal. Also, in the presence of qubits dissipation rates, whether similar or diherent values, the 
matrix elements at any time are Dij = Dji for i ^ j while all diagonal elements Du are often 
close to each others. 

Now, we give the probabilities dehnitions of hnding any marked state Prir2...rjv hnding 
unmarked states (or remaining states) Qjij2...jN- probabilities are exactly calculated in the 
presence of diherent values of dissipation rates and diherent N, where both of rir2...r7v and 
jij2---jN are one subset of the set A. The probabilities Prir2...r^ and Qj^j2...jN t)y- 


Prir2...rjv Prir2...rjv 

gjih-'-iN ~ 7i) •••) 7iv) 


(rir 2 ...r 7 v|J 7 v_i(f; 7 i,..., 7 jv)IF®^( 7 i,..., 7 Ar)| 5 (i 5 ( 2 ... 5 'Ar) . ( 5 ) 

2 

(jij2-.j7v|/v-i(t;7n--,77v)W^®^(7i,--,7iv)Qi^2.-^jv) , (6) 


N-l 


where/7v_i(f; 71,..., 7Ar) = JJ |£)(f; 71,..., 77v)Air2...r^(^; 7 i, •••, 7 iv) 


N-i 


From Eq 


in calcu- 


2=1 _ 
lating the probabilities of unmarked states, it should be noted that at least one of ]ii2---3N is 

not equal to one of rir2...r]^ for the same qubit. Here, we write, for simplicity, that the sub¬ 
indexes in the marked state peie2 = Pee and un-marked states (^6192; ^'9162) Q9192 = s-)j 

marked state Pei92e2 — Pe9e and unmarked states (^616263) Qeie293i Qeig2g3) £*916263; £*916293; £*919263; 
£*919293 = s-)j so on for all states of the A£—qubit. Also, Pgie293e4 = Pgege and so on. 


3 Discussion 

In table ([^, we compare our proposed algorithm (OA) results with Grover algorithm’s results. It 
is shown that the probability reach 100 % for the two-qubit case, in both: our case and GA case. 
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No. 

xtp/h 

Present Pr. 

xtclh 

Grover Pr. 

2 

(0.94257r)/4e2 

1 

7r/46»2 

1 

3 

(0.67237r)/8e3 

1 

77/863 

0.9453 

4 

(0.69337r)/166»4 

1 

7r/1604 

0.9613 

5 

(0.866l7r)/326»5 

1 

1^13295 

0.9992 

6 

(0.98997r)/646»6 

0.9635 

7r/6406 

0.9635 

7 

(O.99O67r)/12807 

0.8335 

77/12867 

0.8335 

8 

(O.99O67r)/25608 

0.6503 

77/25663 

0.6503 

9 

(0.9957r)/5126»9 

0.4662 

77/51269 

0.4662 


Table 1: A comparison of the time {tp) of the present algorithm and Grover time {to) for 
hnding higher probability (Pr.) of any marked state of different qubits in the case of 7 * = 
0, i = 1,2,..., 9. 

but the time needed in our case, tp, is shorter than the Grover time, to, (say, tp = 0.94257rh/4A6*2 
and to = nh/ 4 X 62 )- This means that the efficiency of our algorithm is higher than the efficiency 
of GA. Once we increase the number of involved qubits, we see that a signihcant difference 
between OA and GA, is seen. The probability of hnding any marked state using 3 qubits, 4 
qubits and 5 qubits in OA is 100% while the corresponding case using GA does not exceed 
94.53% for 3 qubits, 96.13% for 4 qubits and 99.92% for 5 qubits. Moreover, the times needed 
of hnding any marked state are shorter than Grover times. This is an interesting advantage of 
the proposed algorithm since the sensitivity is much higher than the Grover sensitivity to the 
number of qubits. Also, we can say that using OA, exact observation is clearly obtained even 
whether the number of involved qubits gets higher (say 5) and one still have 100% probability 
of hnding any marked states. When we consider the number of qubits is greater than or 
equal 6 , it is shown that the same probability of hnding any marked state is obtained using 
OA and GA, but the time needed to obtain such probability is shorter in our case, which is 
still gives OA an advantage. It is interesting to observe here that as the number of qubits is 
increased the probability hnd any desired state still coincide using OA while in Grover case 
there does not coincide, where from 1 — 6 qubits the results do not coincide with the fact that 
increasing the number of qubits leads to decreasing the probability. Moreover, as the number 
is increased further, GA shows the logic behavior. In these calculations, we expect that our 
results (times and probabilities) are almost the same as GA for the large number of qubits (say, 
N > 12). The reason of such agreement between our results and Grover results is that when 
N is increased the time for finding the highest probability of any marked state is increased 
to reach almost 2 ^ 3 x 913 finding the probability of any marked state when N = 13. After 
that, one obtains the highest probability for hnding any desired states for the different qubits 
at times (’^ ~ ^3,14, ...,N) , this case is compatible with Grover case. This observation 
shows that using the dynamical quantum search algorithm has some advantage, where GA is 
obtained as a special case from the proposed general algorithm. 

In Figj^we plot the probabilities of hnding any marked or unmarked states as a function 
of dynamical phase Pixf{t)/7i, N = 2,3, ...,9, in the absence of dissipation. It is shown that for 
2, 3, 4 and 5 qubits, see Figj^ and Figj^, the probabilities of marked states reach one at 
several points rather than Grover observation, where GA shows the maximum probability at 
f^N(t) = TT only. In 3 qubits and 4 qubits cases, we hnd that the behavior of curves peaks are 
between the two maxima there is a local minimum. While 2 and 5 qubits cases the maximum 
stays longer as a function of the phase, which means that the long lived maximum probability 
is obtained for 2 and 5 qubits compared with 3 and 4 qubits cases where the maximum stays 
for a short period. This observation is no longer existing once the number of qubits is increased 
(say > 6 ), where the maxima probability always less than one, see Figj^ and Figj^. Also, the 
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Figure 2: Dynamical quantum search algorithm for the multi qubits in the absence of dissipation 
for all marked states (solid lines for 2—,4—,6 — and 8—qubit; dashed lines for 3—,5—,7— and 
9—qubit) and all un-marked states (dashed lines for 2—,4—,6 — and 8—qubit; solid lines for 
3—, 5—, 7— and 9—qubit), where = 2, 3 in (a), = 4, 5 in (b), = 6, 7 in (c) and N = 8,9 

in (d). 


unmarked states are observed for the low number of qubits and reach the maximum of 25% 
for 2 qubits case, while this value is decreased once the number of qubits is increased. This 
phenomenon becomes more pronounced once the number of qubits exceeds 6 after this number 
of qubits the probabilities are very close to zero. From our further calculations (which are not 
presented here), the probabilities of unmarked states vanish completely when the number of 
qubits is greater than 20 qubits. 

In Figj^ we display the behavior of the dynamical search of the probabilities of marked 
states pegee and Pgeege with the same dissipation rates. In the absence of dissipation, see Figj^ 
and table ([^, the probabilities of the current marked states or any other marked states at 
times tp = 0.043337rh/A6'4 for 4 qubits and tp = 0.0270657rh/A6*5 for 5 qubits are 100% and the 
probabilities of un-marked states are zero. It is shown that when times are decreased from these 
values, the probabilities values of hnding any marked states are less than 100% and decrease 
more and more according to the decreasing times. With these time decreases, the probabilities 
of hnding any marked states are decreased and this decreasing is added to the un-marked states 
probabilities. This means that the revivals for the probabilities of un-marked states when the 
time is decreased more and more to become larger when the time is close to zero. However, 
when the time reaches zero, the probabilities of any marked or un-marked states are 6.25% and 
3.125% for 4 and 5 qubits, respectively. This means that both marked and un-marked states 
have the same chance to contribute. In the presence of weak dissipation rate, one sees that 
the probabilities of current marked states in Figj^ and Figj^ or any other marked states at 
different values of the time are gradually decreased. The probabilities values of any desired 
state for any number of A^ at a weak values of similar dissipation are often close to each others. 
If the dissipation value is taken to be y, = {i = 1,2,N), the probabilities values of any 
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Figure 3: Dynamical quantum search algorithm for the probabilities of marked states Pegee and 
Paeeae In the presence of dissipation, where 7* = 7 (f = in (a): 7 ,' = 7(7 = in 

(b);%=a„d t ,=“ („); Jb). 

desired state are sometimes increased or decreased to each other and one can not distinguish 
between the probability of any marked and un-marked states at any time. However, it is difficult 
to observe the probability of any marked state for any qubit at large dissipation rates, where 
small values of the probability of marked state is shown. Which means that both marked and 
un-marked states have the same chance to contribute. 

Also, we display the behavior of the probabilities of current marked states in Figj^ and 
Figj^ for different values of qubits dissipation rates with time tp = 0.028 1 37 rh/A 6*4 for 4 qubits 
and tp = 0.0270657rh/A6'5 for 5 qubits. In the absence of dissipation the probabilities of any 
marked state for 4 qubits and 5 qubits at these values of times start from 0.8332 and from 
1, respectively. When a weak value of qubits-dissipation is considered, one hnds that the 
probabilities of the current states in Figj^ and Figj^ and any other marked states for 4 and 
5 qubits are gradually decreased. The values of any desired states for 4 and 5 qubits in weak 
dissipation are often close to each other. It is shown that for strong dissipation, the probabilities 
of any marked states for 4 and 5 qubits are decreased further, while one can not distinguish 
between different probabilities of some un-marked states. It is interesting to mention here that 
the observation of any desired state will be more difficult when dissipation rate is equal to 
73 = 74 = -^^4 for 4 qubits and 72 = 75 = A 6*5 for 5 qubits or more than that, where there 
is some probabilities of un-marked states are larger than marked state. This means that both 
marked and un-marked states have the same chance to contribute. 

However, the behavior of the probability of hnding any remaining marked state for any 
different number of N in the dissipation presence, is similar to the previous behavior, see Figj^ 
It is shown that, the time is a main factor in the appearance of different probabilities of marked 
states using different number of qubits. Therefore, the probabilities for the remaining marked 
states (3 states for 2 qubits, 7 states for 3 qubits, 14 states for 4 qubits, 29 states for 5 qubits 
and 63 states for 6 qubits) have the same behavior as in the hgures displayed in the above. 
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Figure 4: Dynamical quantum search algorithm for the probabilities of marked states peg, Pgeg, 
Pgegg and Pgegege ln the presence of similar dissipation rates. 


(b 1 



Figure 5: Dynamical quantum search algorithm with dissipation for 5 qubits to compare the 

values of Peeeee Q-nd Pggggg' 
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In Figj^ we plot DQSA for the probabilities Pgeeee Pggggg when the dissipation rates is 
considered. It is shown that the probabilities Pggggg and Peeeee gradually decreased once 
dissipation rate takes small values, and the values of Peeeee than the values of Pggggg 

at any time. Also, one observes that the probability pggggg is shown as larger values compared 
with the probability Peeeee which shows small values once dissipation rate 'y/XO^ is increased. 
Therefore, we can distinguish the probability ^ for multi qubits at any time once dissipation 
rate is decreased or increased (or varied). 

Now, we give a short discussion to observe un-marked states in the presence of dissipation 
rates either similar or different. The probabilities of un-desired states for weak dissipation are 
distinguished by a very small values and non-zero compared with the absence of dissipation. 
While for strong dissipation, the probability of the desired state is becoming less and is decreased 
due to the influence of strong dissipation and some of this decrease is added to the un-desired 
states. On the other hand, the results of hnding any marked and un-marked states, in table 
([^ are completely in agreement with the results shown in Figj^ and Figj^ under the same 
conditions. 


4 Conclusions 

We have demonstrated on-demand generation of dynamic multi-qubit quantum search algo¬ 
rithm, which can be maintained for multi-qubit system. The algorithm we have demonstrated, 
gives favorable performance for multi-qubit (up to 9 qubits) and would survive even in the 
presence of the qubit dissipation. We have focused our attention on the probabilities of the 
hrst 9 qubits and have obtained that their optimal values come either to diagonalizing or to 
symmetrizing probabilities, that implies analytical formula for its calculation. Comparing these 
results with Grover algorithm analysis allows to give a similar result when the number of in¬ 
volved qubits get much larger, and is an example of a prefect observation which is suitable 
for a particular purpose, e.g., for the time dependent interaction and dissipation processes. 
The long life time of this multi-qubit algorithm is due to a high symmetry of the generated 
forms. We have used different values of the controlled phase to improve the suggested algorithm 
performance. A new technique is used to generate the dynamical quantum gates that helps 
in implementing the current algorithm. The multi-qubit character of the interaction used for 
the creation of dynamical algorithm allows for the potential applications and extension of the 
present method to other models, possibly including, superconducting materials or solid state 
models with long lived spin states. 


Appendix 


In this appendix, we took four optional values of times (say, 2 ^x 0 


0 .33l7rn 0.5667r;i 




t]\fp and 


7rh 

2^X6? 


-) to 


calculate the probabilities of some marked and unmarked states for different number of N. The 
time txfp gives the highest probabilities for marked states with different values of N. 

First, it is easy to see that the sum of all probabilities for all marked and unmarked states 
at any time in the absence of dissipation rates is equal to one, see Figj^ Also, from Figsj^ 
Figj^ Figj^and the above tables, one can note that the sum of all probabilities in the presence 
of dissipation at different times are gradually decreased than one, and reaches almost zero at 
high values of dissipation rates. 

Second, from Tables ([2 11), one observes and distinguishes between different values of times 
for the probabilities of each marked state at weak values of the dissipation rates. Moreover, we 
observe for times tjsfp, and a weak dissipation, that the probabilities of each marked states have 
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Times 

* _ 0.33l7ra 
~ 4X9^, 

* _ 0.5667rft 

* _ 0.94257rft 

‘'2p — 4A6>5| 

t - 

~ 4xeg,, 

Pee 

0.5583 

0.8537 

0.9625 

0.9618 

Pr. r. s. 

0.1417, 0.1411, 0.1427 

0.0407, 0.0405, 0.0397 

1.5605e, 1.5524e, 1.7800d 

7.7440d, 7.5690d, 0 

Pge 

0.5634 

0.8595 

0.9668 

0.9659 

Pr. r. s. 

0.1389, 0.1405, 0.1428 

0.0399, 0.0390, 0.0399 

1.5556e, 1.6690d, 2.5570d 

7.5690d, 0, 1.0000c 

Pag 

0.5697 

0.8667 

0.9722 

0.9712 

Pr. r. s. 

0.1378, 0.1404, 0.1401 

0.0382, 0.0388, 0.0390 

1.6490d, 9.6400c, 2.5700d 

0, 1.0000c, 1.0000c 


Table 2: 

(ri,r 2 = e, 
where ^ = 


Outputs of dynamical quantum search algorithm for some probabilities of marked states 
g) and unmarked states or remaining states (Pr. r. s.) of 2-qubit for different values of 
^ and ^ c = xlO“®, d = xlO“® and e = xlO“^. 


Prir2 

time, 


Times 

* _ 0.33l7rn 
“ 4A02 

_ 0.566-7rft 
^ - 4X9^, 

_ 0.9425-Tra 

£'2p — 4^,0^ 

t — 

^ - 4X9^ 

Pee 

0.0961 

0.1224 

0.1142 

0.1108 

Pr. r. s. 

0.0921, 0.0933, 0.1792 

0.0625, 0.0632, 0.0680 

0.0428, 0.0434, 0.0049 

0.0426, 0.0432, 0.0043 

Pge 

0.1683 

0.1700 

0.1148 

0.1089 

Pr. r. s. 

0.0528, 0.0699, 0.1660 

0.0491, 0.0248, 0.0486 

0.0333, 0.0041, 5.7600e 

0.0329, 0.0040, 3.1329e 

Pgg 

0.3244 

0.2640 

0.1098 

0.0997 

Pr. r. s. 

0.0308, 0.0713, 0.0712 

0.0127, 0.0251, 0.0239 

0.0021, 3.2962e, 3.4306e 

0.0021, 1.7640d, 9.2160d 


Table 3: The same as Table ([^ but ^ ^ and ^ 


Times 

* _ O.SSlTTfi, 

^ 

_ 0.5667ra 
^ - 8A0S 

_ 0.6723-77^, 

‘•Sp ~ 8Aea 

t — 

' - SAe.s 

Peee 

0.5989 

0.9085 

0.9348 

0.8776 

Pr. r. s. 

0.0520, 0.0524, 0.0516, 0.0522, 
0.0516, 0.0517, 0.0518 

0.0052, 0.0053, 0.0046, 0.0052, 
0.0047, 0.0046, 0.0044 

1.0345e, 1.1197e, 4.1220d, 1.0625e, 
4.5460d. 3.7480d. 2.5210d 

0.0064, 0.0063, 0.0064, 0.0064, 
0.0065, 0.0064, 0.0063 

Pee g 

0.6051 

0.9170 

0.9435 

0.8855 

Pr. r. s. 

0.0515, 0.0512, 0.0522, 0.0511, 
0.0520, 0.0513, 0.0515 

0.0052, 0.0046, 0.0049, 0.0047, 
0.0048, 0.0044, 0.0042 

9.5290d, 3.6000d, 5.9300d, 4.1780d, 
5.6250d, 2.1130d, 1.3220d 

0.0068, 0.0068, 0.0065, 0.0069, 
0.0066, 0.0067, 0.0065 

Pege 

0.6085 

0.9218 

0.9483 

0.8898 

Pr. r. s. 

0.0517, 0.0509, 0.0517, 0.0509, 
0.0511, 0.0519, 0.0513 

0.0053, 0.0046, 0.0046, 0.0046, 
0.0044, 0.0046, 0.0041 

9.8960d, 3.4340d, 3.4490d, 3.0920d, 
1.9240d, 3.6170d, 8.8400c 

0.0069, 0.0070, 0.0067, 0.0070, 
0.0069, 0.0067, 0.0067 

Pgee 

0.6065 

0.9191 

0.9454 

0.8874 

Pr. r. s. 

0.0516, 0.0510, 0.0511, 0.0512, 
0.0518, 0.0522, 0.0514 

0.0052, 0.0047, 0.0046, 0.0044, 
0.0047, 0.0048, 0.0041 

9.6260d, 4.0000d, 3.2500d, 2.0500d, 
4.4680d. 5.0500d. 1.1250d 

0.0069, 0.0069, 0.0069, 0.0068, 
0.0067, 0.0065, 0.0066 

Page 

0.6162 

0.9325 

0.9590 

0.8998 

Pr. r. s. 

0.0504, 0.0505, 0.0513, 0.0507, 
0.0515, 0.0507, 0.0515 

0.0046, 0.0044, 0.0046, 0.0041, 
0.0048, 0.0041, 0.0041 

2.4820d, 1.5170d, 3.0440d, 6.6100c, 
4.1810d, 7.7600c, 9.9700c 

0.0075, 0.0074, 0.0071, 0.0072, 
0.0071, 0.0072, 0.0069 


Table 4: Outputs of dynamical quantum search algorithm for some probabilities of marked states 
Prir^Ti (’’i)■'’ 2 ) ■'’3 = 6 , 3 ) and unmarked states of 3-qubit for different values of time, where ^ ^ 

QTirl 22- — ^3 

ana — 140 - 


Times 

.. O.SSlTTfi, 

^ ~ 8Ae-, 

.. 0.5667ra 

^ ~ 8A0^ 

... 0.67237rft 

^3P 8A0-^ 

t — 

~ 8X9q, 

Peee 

0.0217 

0.0234 

0.0201 

0.0113 

Pr. r. s. 

0.0183, 0.0201, 0.0257, 0.0204, 
0.0261, 0.0289, 0.0596 

0.0129, 0.0140, 0.0088, 0.0142, 
0.0089, 0.0094, 0.0044 

0.0093, 0.0100, 0.0054, 0.0101, 
0.0054, 0.0055, 4.8420e 

0.0033, 0.0034, 0.0026, 0.0034, 
0.0026, 0.0023, 0.0051 

Peeg 

0.0317 

0.0297 

0.0247 

0.0135 

Pr. r. s. 

0.0145, 0.0160, 0.0256, 0.0162, 
0.0261, 0.0238, 0.0539 

0.0109, 0.0085, 0.0085, 0.0086, 
0.0087, 0.0050, 0.0027 

0.0072, 0.0051, 0.0051, 0.0051, 
0.0052, 0.0024, 2.6240d 

0.0018, 7.9524e, 0.0023, 7.7284e, 
0.0023, 9.2416e, 0.0030 

Pege 

0.0356 

0.0327 

0.0268 

0.0140 

Pr. r. s. 

0.0152, 0.0146, 0.0241, 0.0161, 
0.0207, 0.0282, 0.0520 

0.0111, 0.0075, 0.0071, 0.0081, 
0.0042, 0.0084, 0.0022 

0.0072, 0.0043, 0.0040, 0.0045, 
0.0019, 0.0047, 2.3050d 

0.0017, 5.8564e, 0.0016, 4.7089e, 
7.2900e, 0.0016, 0.0026 

Pgee 

0.0362 

0.0332 

0.0271 

0.0141 

Pr. r. s. 

0.0153, 0.0145, 0.0159, 0.0203, 
0.0243, 0.0279, 0.0518 

0.0112, 0.0074,0.0079, 0.0040, 
0.0070, 0.0082. 0.0022 

0.0073, 0.0042, 0.0044, 0.0018, 
0.0039, 0.0045, 3.1760d 

0.0016, 5.4289e, 4.4521e, 7.0225e, 
0.0015, 0.0015, 0.0025 

Page 

0.0737 

0.0571 

0.0448 

0.0213 

Pr. r. s. 

0.0105, 0.0097, 0.0193, 0.0152, 
0.0192, 0.0153, 0.0420 

0.0045, 0.0026, 0.0087, 0.0010, 
0.0085, 9.8881e, 1.7730e 

0.0017, 7.9322e, 0.0041, 2.4912e, 
0.0039, 2.3850e, 9.4625e 

2.7040d, 5.1840d, 1.4161e, 

4.8400c, 1.2100e, 5.7600c, 0.0014 


Table 5: The same as Table Q but ^ ^ ^ and ^ 
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Times 

^ o.asiTTfi, 

^ 0.5667rft 

+ 0,69337rfi, 


'' IGASa 

'' 16A&4 

''4p 16Aej 

'' 16A6»4 

Peeee 

0.5433 

0.8570 

0.8900 

0.8499 

Pr. r. s. 

0.0269, 0.0267, 0.0259, 0.0269, 
0.0258, 0.0259, 0.0256, 0.0268, 
0.0259, 0.0259, 0.0256, 0.0258, 
0.0255, 0.0256, 0.0253 

0.0032, 0.0032, 0.0030, 0.0033, 
0.0030, 0.0030, 0.0030, 0.0032, 
0.0030, 0.0030, 0.0030, 0.0030, 
0.0030, 0.0030, 0.0029 

6.5530d, 5.7800d, 5.3210d, 6.9200d, 
5.7250d, 5.4500d, 6.3610d, 6.3370d, 
5.5210d, 5.2520d, 6.1450d, 5.5210d, 
6.5810d, 6.2820d, 7.2650d 

0.0016, 0.0016, 0.0018, 0.0016, 
0.0018, 0.0018, 0.0019, 0.0016, 
0.0018, 0.0018, 0.0019, 0.0018, 
0.0019, 0.0019, 0.0020 

Peegg 

0.5611 

0.8840 

0.9178 

0.8767 

Pr. r. s. 

0.0260, 0.0262, 0.0265, 0.0257, 
0.0254, 0.0255, 0.0260, 0.0257, 
0.0254, 0.0255, 0.0259, 0.0254, 
0.0251, 0.0252, 0.0248 

0.0028, 0.0029, 0.0030, 0.0028, 
0.0027, 0.0028, 0.0029, 0.0028, 
0.0027, 0.0028, 0.0029, 0.0027, 
0.0027, 0.0027, 0.0027 

1.3220d, 2.5780d, 2.8090d, 1.8010d, 
2.3840d, 2.1730d, 4.4690d, 1.6850d, 
2.3050d, 2.0450d, 3.9290d, 2.3050d, 
3.0250d, 2.7250d, 3.5050d 

0.0020, 0.0019, 0.0018, 0.0020, 
0.0021, 0.0021, 0.0020, 0.0020, 
0.0021, 0.0021, 0.0020, 0.0021, 
0.0022, 0.0022, 0.0023 

Peggg 

0.5729 

0.9019 

0.9364 

0.8947 

Pr. r. s. 

0.0257, 0.0254, 0.0255, 0.0260, 
0.0254, 0.0256, 0.0259, 0.0254, 
0.0251, 0.0252, 0.0249, 0.0251, 
0.0248, 0.0249, 0.0253 

0.0027, 0.0026, 0.0026, 0.0028, 
0.0026, 0.0027, 0.0028, 0.0026, 
0.0026, 0.0026, 0.0026, 0.0026, 
0.0026, 0.0026, 0.0027 

3.9200c, 6.4800c, 5.4500c, 1.8180d, 
6.8500c, 1.6290d, 1.8180d, 6.1300c, 
9.2500c, 8.4100c, 1.2010d, 1.0130d, 
1.4050d. 1.3010d. 2.8250d 

0.0022, 0.0022, 0.0022, 0.0021, 
0.0023, 0.0022, 0.0021, 0.0022, 
0.0023, 0.0023, 0.0024, 0.0023, 
0.0024, 0.0024, 0.0023 

Pgeeg 

0.5629 

0.8867 

0.9206 

0.8795 

Pr. r. s. 

0.0259, 0.0263, 0.0257, 0.0254, 
0.0256, 0.0253, 0.0254, 0.0251, 
0.0265, 0.0254, 0.0257, 0.0254, 
0.0259, 0.0251, 0.0248 

0.0028, 0.0029, 0.0028, 0.0027, 
0.0028, 0.0027, 0.0027, 0.0027, 
0.0030, 0.0027, 0.0028, 0.0027, 
0.0029, 0.0027, 0.0027 

1.1450d, 2.5480d, 1.4450d, 1.9010d, 
1.6180d, 2.1530d, 1.9720d, 2.5610d, 
2.6330d, 1.8500d, 3.3650d, 2.0250d, 
4.2530d. 2.5000d, 3.1610d 

0.0020, 0.0019, 0.0020, 0.0021, 
0.0021, 0.0022, 0.0021, 0.0022, 
0.0019, 0.0021, 0.0021, 0.0022, 
0.0021, 0.0022, 0.0023 


Table 6: Outputs of dynamical quantum search algorithm for some probabilities of marked states Pnr^r-iri 
(ri,r 2 ,r 3 ,r 4 = e,g) and unmarked states of 4-qubit for different values of time, where ^ ^ = fo’ 

73 _ 34 — 

\ 140 ^ A 100 • 


Times 

* 0.33l7ra 

* 0.5667rn 

* 0.69337rft 

f 

'' 16Ae4 

^ 16A04 

*^4? 16A04 

16Ae4 

Peeee 

0.0034 

0.0025 

0.0018 

0.0017 

Pr. r. s. 

0.0038, 0.0035, 0.0041, 0.0038, 
0.0045, 0.0042, 0.0055, 0.0038, 
0.0046, 0.0042, 0.0056, 0.0047, 
0.0064, 0.0057, 0.0153 

0.0017, 0.0016, 0.0015, 0.0017, 
0.0016, 0.0015, 0.0011, 0.0018, 
0.0016, 0.0015, 0.0011, 0.0016, 
0.0010, 0.0011. 4.9361e 

9.1801e, 8.9317e, 8.3357e, 9.2909e, 
8.0002e, 8.2450e, 0.0011, 9.3466e, 
7.9141e, 8.2273e, 0.0011, 7.8829e, 
9.7501e, 0.0010, 0.0025 

0.0010, 9.6100e, 7.7284e, 0.0010, 
8.0089e, 7.7841e, 4.2025e, 0.0010, 
8.0089e, 7.7841e, 4.2436e, 8.0656e, 
4.4944e. 4.3264e. 1.0000x10“® 

Peegg 

0.0071 

0.0048 

0.0037 

0.0026 

Pr. r. s. 

0.0024, 0.0035, 0.0035, 0.0029, 
0.0037, 0.0035, 0.0049, 0.0030, 
0.0037, 0.0035, 0.0050, 0.0034, 
0.0047, 0.0043, 0.0127 

7.7860e, 0.0012, 0.0012, 8.0725e, 
8.3394e, 8.4361e, 0.0010, 8.0770e, 
8.3449e, 8.4817e, 0.0010, 7.5393e, 
4.4753e, 4.8322e, 6.1274e 

3.1058e, 4.9130e, 5.4666e, 2.7961e, 
3.2020e, 3.4613e, 9.2273e, 2.7505e, 
3.1720e, 3.4289e, 9.1705e, 3.0266e, 
4.9689e, 5.3170e, 0.0018 

4.0000e, 5.6169e, 5.8081e, 4.0000e, 
3.4225e, 3.3489e, 2.5281e, 4.0000e, 
3.4596e, 3.3856e, 2.6244e, 3.2761e, 
1.1881e, 1.1449e, 8.4640d 

Peggg 

0.0148 

0.0100 

0.0079 

0.0044 

Pr. r. s. 

0.0019, 0.0026, 0.0025, 0.0045, 
0.0026, 0.0043, 0.0044, 0.0023, 
0.0025, 0.0024, 0.0033, 0.0025, 
0.0036, 0.0034, 0.0095 

4.1785e, 4.9360e, 5.0265e, 0.0011, 
4.9034e, 9.2489e, 0.0010, 4.3810e, 
3.8849e, 3.9641e, 3.4597e, 3.8628e, 
3.0980e, 3.3857e. 0.0012 

1.3136e, 1.2770e, 1.3549e, 4.2365e, 
1.2456e,3.3808e, 4.0637e, 1.3130e, 
1.4257e, 1.4788e, 3.0025e, 1.3925e, 
2.9314e, 2.9786e, 0.0019 

1.2100e, 1.2996e, 1.2996e, 2.9584e, 
1.2996e, 2.4649e, 2.8900e, 1.0816e, 
6.5610d, 6.5610d, 4.0000c, 6.5610d, 
2.8900c. 4.0000c, 4.9000d 

Pgeeg 

0.0084 

0.0054 

0.0041 

0.0029 

Pr. r. s. 

0.0024, 0.0037, 0.0026, 0.0032, 
0.0029, 0.0037, 0.0029, 0.0038, 
0.0038, 0.0033, 0.0046, 0.0038, 
0.0056, 0.0040, 0.0122 

7.0922e, 0.0012, 6.8965e, 7.2320e, 
7.0381e, 7.4378e, 6.4129e, 4.2530e, 
0.0012, 7.2041e, 8.5426e, 7.4321e, 
9.0625e, 4.1474e, 7.2585e 

2.6185e, 4.9985e, 2.3620e, 2.8793e, 
2.1853e, 2.5348e, 2.7625e, 4.9369e, 
4.7890e, 2.7716e, 7.7681e, 2.4500e, 
7.5024e, 4.7545e, 0.0018 

3.4596e, 5.5696e, 3.2761e, 2.7225e, 
3.4225e, 2.9584e, 2.5921e, 7.5690d, 
5.4756e, 2.7556e, 1.8496e, 2.9929e, 
2.4025e, 7.9210d, 1.2769e 

Pggeg 

0.0195 

0.0125 

0.0095 

0.0054 

Pr. r. s. 

0.0018, 0.0026, 0.0019, 0.0020, 
0.0027, 0.0051, 0.0021, 0.0027, 
0.0027, 0.0051, 0.0021, 0.0027, 
0.0050, 0.0028, 0.0083 

3.2786e, 3.9785e, 3.4632e, 3.2057e, 
3.9469e, 0.0010, 3.2050e, 3.3730e, 
3.9469e, 0.0010, 3.1688e, 3.3377e, 
9.7604e, 3.2677e, 0.0014 

9.8410d, 8.8650d. 1.1365e, 1.2874e, 
8.6210d, 3.5257e, 1.2789e, 2.8346e, 
8.5520d, 3.3962e, 1.2580e, 2.8157e, 
3.2185e. 2.7693e, 0.0019 

7.9210d, 9.0250d, 6.2410d, 2.9160d, 
9.0250d, 2.7556e, 2.9160d, 1.4400c, 
9.0250d, 2.6569e, 2.9160d, 1.4400c, 
2.5921e. 1.4400c. 1.5625e 


Table 7: The same as Table ^ but ^ ^ ^ 


^ and ^ 


3^4 

4 ■ 
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Times 

* _ O.SSlTTft 

_ 0.5667ra 

_ 0.866l7rft 

f - 

'' 32Xe^ 

~ 32\9k. 

‘'SP 32Xe^ 

'' “ 32Xe^ 

Peeeeg 

0.4478 

0.7707 

0.8562 

0.8536 


0.0159, 0.0153, 0.0156, 0.0153, 

0.0035, 0.0035, 0.0037, 0.0035, 

{5.9130, 3.9610, 5.5840, 4.1210, 

1.0000a, 1.6000b, 8.1000b, 2.5000b, 


0.0155, 0.0151, 0.0149, 0.0152, 

0.0036, 0.0035, 0.0035, 0.0035, 

5.1610, 3.7060, 3.4850, 3.9240, 

2.5000b, 4.0000a, 1.0000a, 1.6000b, 


0.0156, 0.0150, 0.0148, 0.0151, 

0.0037, 0.0035, 0.0036, 0.0035, 

5.8760, 3.6500, 3.4640, 3.7060, 

1.2100c, 0, 9.0000a, 1.0000a, 

Pr. r. s. 

0.0149, 0.0148, 0.0146, 0.0153, 

0.0036, 0.0036, 0.0036, 0.0035, 

3.4850, 3.4640, 3.2850, 3.9610, 

4.0000a, 9.0000a, 3.6000b, 2.5000b, 

0.0156, 0.0150, 0.0149, 0.0151, 

0.0036, 0.0035, 0.0036, 0.0035, 

5.4410, 3.7060, 3.4850, 3.7370, 

6.4000b, 1.0000a, 4.0000a, 4.0000a, 


0.0149, 0.0149, 0.0147, 0.0150, 

0.0035, 0.0036, 0.0036, 0.0035, 

3.5080, 3.4850, 3.2980, 3.6770, 

1.0000a, 4.0000a, 2.5000b, 1.0000a, 


0.0148, 0.0148, 0.0146, 0.0149, 

0.0036, 0.0036, 0.0036, 0.0036, 

3.4640, 3.4450, 3.2740, 3.4640, 

4.0000a, 9.0000a, 4.9000b, 4.0000a, 


0.0146, 0.0146, 0.0144 

0.0036, 0.0036, 0.0037 

3.2850, 3.2740, 3.1370[d 

2.5000b. 3.6000b. 1.0000c 

Peegeg 

0.4553 

0.7835 

0.8707 

0.8683 


0.0154, 0.0156, 0.0152, 0.0150, 

0.0033, 0.0035, 0.0034, 0.0034, 

{ 3.1040, 4.1210, 2.857, 2.6440, 

3.2400c, 4.9000b, 1.9600c, 1.4400c, 


0.0157, 0.0150, 0.0153, 0.0152, 

0.0035, 0.0034, 0.0036, 0.0034, 

4.2850, 2.6690, 4.0400, 2.8260, 

4.9000b, 1.4400c, 4.0000a, 1.9600c, 


0.0150, 0.0149, 0.0147, 0.0150, 

0.0034, 0.0035, 0.0035, 0.0034, 

2.6440, 2.5220, 2.3530, 2.6440, 

1.2100c, 1.0000c, 4.9000b, 1.2100c, 

Pr. r. s. 

0.0154, 0.0147, 0.0145,0.0152, 

0.0036, 0.0035, 0.0035, 0.0034, 

4.1650, 2.3530, 2.2180, 2.8570, 

1.6000b, 4.9000b, 1.6000b, 2.2500c, 

0.0150, 0.0150, 0.0148, 0.0150, 

0.0034, 0.0034, 0.0035, 0.0034, 

2.6690, 2.6440, 2.4650, 2.6690, 

1.4400c, 1.2100c, 6.4000b, 1.4400c, 


0.0153, 0.0148, 0.0146, 0.0149, 

0.0036, 0.0035, 0.0035, 0.0034, 

3.9170, 2.4650, 2.3200, 2.6210, 

0, 6.4000b, 2.5000b, 1.2100c, 


0.0147, 0.0147, 0.0145, 0.0148, 

0.0035, 0.0035, 0.0035, 0.0035, 

2.4500, 2.3400, 2.2130, 2.4650, 

6.4000b, 4.9000b, 9.0000a, 6.4000b, 


0.0146, 0.0145, 0.0143 

0.0035, 0.0035, 0.0036 

2.3200. 2.2130. 2.1200|d 

2.5000b. 1.6000b. 0 

Pegeee 

0.4510 

0.7761 

0.8623 

0.8597 


0.0161, 0.0153, 0.0152, 0.0150, 

0.0036, 0.0034, 0.0034, 0.0035, 

{ 5.9680, 3.5730, 3.4600, 3.2210, 

0, 8.1000b, 8.1000b, 3.6000b, 


0.0153, 0.0151, 0.0150, 0.0149, 

0.0034, 0.0035, 0.0035, 0.0035, 

3.6100, 3.3610, 3.2210, 3.0160, 

1.0000c, 4.9000b, 3.6000b, 9.0000a, 


0.0154, 0.0155, 0.0148, 0.0154, 

0.0036, 0.0036, 0.0035, 0.0036, 

4.6450, 4.9130, 2.9800, 4.5140, 

9.0000a, 3.6000b, 1.0000a, 4.0000a, 

Pr. r. s. 

0.0148, 0.0148, 0.0146, 0.0153, 

0.0035, 0.0035, 0.0036, 0.0034, 

3.0160, 2.9970, 2.8340, 3.4600, 

4.0000a, 4.0000a, 4.0000a, 8.1000b, 

0.0151, 0.0150, 0.0148, 0.0151, 

0.0035, 0.0035, 0.0035, 0.0035, 

3.2210, 3.1940, 2.9970, 3.3610, 

3.6000b, 2.5000b, 4.0000a, 3.6000b, 


0.0149, 0.0148, 0.0146, 0.0155, 

0.0035, 0.0035, 0.0036, 0.0036, 

3.0370, 3.0160, 2.8450, 4.7780, 

9.0000a, 9.0000a, 1.0000a, 2.5000b, 


0.0148, 0.0147, 0.0145, 0.0148, 

0.0035, 0.0035, 0.0036, 0.0035, 

2.9970, 2.9800, 2.8250, 2.9970, 

4.0000a, 1.0000a, 4.0000a, 4.0000a, 


0.0146. 0.0145,0.0143, 

0.0036, 0.0036, 0.0036 

2.8340. 2.8250. 2.7040ld 

1.0000a, 4.0000a, 3.6000b 

Pegegg 

0.4704 

0.8088 

0.8987 

0.8962 


0.0152, 0.0151, 0.0150, 0.0154, 

0.0032, 0.0032, 0.0032, 0.0034, 

1.3810d, 1.2100d, 1.2100d, 2.3780d, 

1.3690d, 1.1560d, 1.0890d, 3.2400c, 


0.0151, 0.0149, 0.0148, 0.0146, 

0.0032, 0.0033, 0.0033, 0.0033, 

1.3000d, 1.1530d, 1.0730d, 9.7000c, 

1.1560d, 9.6100c, 9.6100c, 7.8400c, 


0.0150, 0.0153, 0.0152, 0.0148, 

0.0032, 0.0034, 0.0034, 0.0033, 

1.1890d, 2.1460d, 1.8450d, 1.0730d, 

1.0890d, 3.6100c, 4.0000c, 9.0000c, 

Pr. r. s. 

0.0146, 0.0145, 0.0147, 0.0150, 

0.0033, 0.0033, 0.0035, 0.0032, 

9.7000c, 9.6500c, 1.5220d, 1.2100d, 

7.2900c, 6.7600c, 2.2500c, 1.1560d, 

0.0148, 0.0148, 0.0146, 0.0149, 

0.0033, 0.0033, 0.0033, 0.0033, 

1.0730d, 1.0600d, 9.6500c, 1.0880d, 

9.6100c, 9.0000c, 7.2900c, 9.6100c, 


0.0147, 0.0146, 0.0144, 0.0148, 

0.0033, 0.0033, 0.0034, 0.0033, 

9.7700c, 9.7000c, 9.0100c, 1.0600d, 

7.8400c, 7.2900c, 5.7600c, 9.0000c, 


0.0146, 0.0145, 0.0148, 0.0146, 

0.0033, 0.0033, 0.0035, 0.0033, 

9.6500c, 9.6200c, 1.6820d, 9.6500c, 

6.7600c, 6.7600c, 1.6900c, 7.2900c, 


0.0144. 0.0143, 0.0141 

0.0034, 0.0034, 0.0034 

9.0400c, 9.0900c. 8.3300c 

5.7600c. 5.2900c, 3.6100c 

Pgeeee 

0.4486 

0.7721 

0.8578 

0.8553 


0.0160, 0.0153, 0.0153, 0.0151, 

0.0035, 0.0034, 0.0035, 0.0035, 

{ 5.9130, 3.8420, 3.8050, 3.5890, 

1.0000a, 3.6000b, 3.6000b, 9.0000a, 


0.0153, 0.0151, 0.0151, 0.0149, 

0.0034,0.0035, 0.0035, 0.0035, 

3.8810, 3.6200, 3.5890, 3.3700, 

4.9000b, 1.6000b, 9.0000a, 0, 


0.0152, 0.0150, 0.0150, 0.0148, 

0.0035, 0.0035, 0.0035, 0.0036, 

3.8050, 3.5600, 3.5330, 3.3300, 

2.5000b, 4.0000a, 1.0000a, 4.0000a, 

Pr. r. s. 

0.0151, 0.0149, 0.0148, 0.0146, 

0.0035, 0.0035, 0.0036, 0.0036, 

3.5600, 3.3700, 3.3490, 3.1610, 

4.0000a, 1.0000a, 1.0000a, 2.5000b, 

0.0155, 0.0156, 0.0149, 0.0155, 

0.0036, 0.0037, 0.0035, 0.0036, 

5.1220, 5.4020, 3.3490, 4.9850, 

3.6000b, 8.1000b, 1.0000a, 1.6000b, 


0.0149, 0.0149, 0.0147, 0.0156, 

0.0035, 0.0035, 0.0036, 0.0037, 

3.3930, 3.3700, 3.1850, 5.5450, 

0, 0, 1.6000b, 1.0000c, 


0.0148, 0.0148, 0.0146, 0.0148, 

0.0036, 0.0036, 0.0036, 0.0035, 

3.3490, 3.3300, 3.0500, 3.3490, 

1.0000a, 4.0000a, 2.5000b, 1.0000a, 


0.0146. 0.0146, 0.0144 

0.0036, 0.0036, 0.0037 

3.1720, 3.1610, 3.0260 }d 

1.6000b, 2.5000b. 8.1000b 

Pgegeg 

0.4647 

0.7993 

0.8881 

0.8857 


0.0153, 0.0151, 0.0151, 0.0149, 

0.0033, 0.0033, 0.0033, 0.0033, 

{ 1.9700, 1.7690, 1.7440, 1.6020, 

9.0000c, 7.2900c, 6.7600c, 5.2900c, 


0.0151, 0.0154, 0.0149, 0.0147, 

0.0033, 0.0035, 0.0033, 0.0034, 

1.7960, 2.8260, 1.6020, 1.4690, 

7.2900c, 1.9600c, 5.7600c, 4.4100c, 


0.0150, 0.0148, 0.0148, 0.0146, 

0.0033, 0.0034, 0.0033, 0.0034, 

1.7440, 1.5850, 1.4930, 1.3780, 

6.7600c, 5.2900c, 4.8400c, 3.6100c, 

Pr. r. s. 

0.0149, 0.0147, 0.0146, 0.0144, 

0.0033, 0.0034, 0.0034, 0.0034, 

1.6020, 1.4690, 1.3850, 1.2970, 

5.2900c, 4.0000c, 3.6100c, 2.5600c, 

0.0151, 0.0153, 0.0149, 0.0147, 

0.0033, 0.0034, 0.0033, 0.0034, 

1.7690, 2.4730, 1.5850, 1.4600, 

7.2900c, 2.5600c, 5.2900c, 4.0000c, 


0.0154, 0.0147, 0.0150, 0.0148, 

0.0034, 0.0034, 0.0036, 0.0034, 

2.6960, 1.4690, 2.5360, 1.5080, 

2.2500c, 4.0000c, 3.6000b, 5.2900c, 


0.0146, 0.0146, 0.0144, 0.0146, 

0.0034, 0.0034, 0.0035, 0.0034, 

1.3850, 1.3780, 1.2970, 1.4600, 

3.6100c, 3.6100c, 2.2500c, 4.0000c, 


0.0150, 0.0144, 0.0142 

0.0036, 0.0035, 0.0035 

2.6370, 1.2970, 1.2500)d 

1.6000b, 2.5600c, 1.4400c 

Pggege 

0.4712 

0.8104 

0.9004 

0.8979 


0.0152, 0.0150, 0.0150, 0.0148, 

0.0032, 0.0032, 0.0032, 0.0033, 

1.3140d, 1.1450d, 1.1240d, 9.9700c, 

1.4440d, 1.2250d, 1.2250d, 1.0240d, 


0.0151, 0.0149, 0.0148, 0.0146, 

0.0032, 0.0033, 0.0033, 0.0033, 

1.1450d, 1.0250d, l.OlOOd, 9.0900c, 

1.2250d, 1.0890d, 1.0240d, 8.4100c, 


0.0150, 0.0148, 0.0152, 0.0145, 

0.0032, 0.0033, 0.0034, 0.0033, 

1.1240d, 9.9700c, 1.9490d, 9.0100c, 

1.1560d, 9.6100c, 4.4100c, 7.2900c, 

Pr. r. s. 

0.0148, 0.0146, 0.0145, 0.0143, 

0.0033, 0.0033, 0.0033, 0.0034, 

9.9700c, 9.0400c, 9.0100c, 8.5000c, 

9.6100c, 7.8400c, 7.8400c, 5.7600c, 

0.0150, 0.0148, 0.0154, 0.0146, 

0.0032, 0.0033, 0.0034, 0.0033, 

1.1450d, l.OlOOd, 2.2600d, 9.0400c, 

1.2250d, 1.0240d, 3.6100c, 7.8400c, 


0.0149, 0.0147, 0.0146, 0.0144, 

0.0033, 0.0033, 0.0033, 0.0034, 

l.OlOOd, 9.0900c, 9.0400c, 8.4500c, 

1.0240d, 8.4100c, 8.4100c, 6.2500c, 


0.0153, 0.0145, 0.0147, 0.0146, 

0.0034, 0.0033, 0.0035, 0.0033, 

2.0570d, 9.0100c, 1.5220d, 9.0400c, 

4.0000c, 7.8400c, 2.2500c, 7.8400c, 


0.0144. 0.0147. 0.0141 

0.0034. 0.0035. 0.0034 

8.4500c. 1.4450d. 7.9300c 

6.2500c. 2.5600c. 4.0000c 


Table 8: 

Pr\r2rzr/ir^ 
71 — gs 
A 113’ 


Outputs of dynamical quantum search algorithm for some probabilities of 
(ri,r2,ra,r4,rs = e,g) and unmarked states of 5 -qubit for different values 
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^ 73 
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_ 

140’ 
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A “ 


ds 75 

100 A 


= a = xlO ® and 6 = xlO 


marked states 
of time, where 
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0.33l7rn 

32\dK 


0.5667rn 

32\dK 


Q.8661-7ra 

32A0 = 


■nh 

32A0r 


P^eeeg 


1.9396e 


1.9925e 


1.4400e 


3.0069e, 

4.9844e, 

5.5514e, 

5.3434e, 

5.6450e, 

5.4445e, 

6.3673e, 

6.6002e, 


3.9569e, 

4.5000e, 

4.9860e, 

4.7248e, 

5.0705e, 

4.8296e, 

5.5953e, 

5.5714e, 


5.4196e, 

5.1885e, 

6.0265e, 

6.1245e, 

6.1956e, 

6.3040e, 

8.0965e, 

0.0032 


3.6756e, 

3.9946e, 

4.5785e, 

4.0706e, 

4.6580e, 

5.1560e, 

4.9360e, 


8.4500d, 

l.OlOOe, 

1.0345e, 

1.1338e, 

1.0345e, 

1.1133e, 

1.0309e, 


7.7450d, 1.0345e, 
8.4020d, 1.1545e, 
8.0900d, 1.0642e, 
l.ieOle, 2.2978e, 
8.1170d, 1.0445e, 
1.1392e, 2.2394e, 
1.0280e, 1.9325e, 
2^097e^^9730^ 


7.7450d, 

7.7450d, 

8.4020d, 

7.7450d, 

8.4250d, 

7.9400d, 

1.1234e, 


8.8820d, 

9.8810d, 

1.0498e, 

7.5560d, 

1.0498e, 

7.6250d, 

7.7620d, 

^^4930^ 


8.4250d, 1.0413e, 8. 
8.4100d, 7.5560d, 8. 
8.6530d, 7.8440d, 8. 
7.2650d, 4.5050d, 8. 
8.6530d, 7.7620d, 8. 
7.2650d, 4.4980d, 8. 
7.6100d, 4.2410d, 7, 
^^600d^^557^^ 


3520d, 

.6690d, 

4100d, 

.6690d, 

4890d, 

7380d, 

3300d, 


5.3290d, 

5.4760d, 

5.4760d, 

5.3290d, 

5.4760d, 

5.3290d, 

4.7610d, 

2^0816^ 


4.2250d, 5.4760d, 
4.3560d, 5.4760d, 
4.0960d, 4.9000d, 
5.6250d, 1.1236e, 
4.0960d, 4.9000d, 
5.4760d, 1.1025e, 
4.9000d, 9.6040d, 
1^1881e^^^5369^ 


4.3560d, 

4.2250d, 

4.3560d, 

4.2250d, 

4.3560d, 

4.0960d, 

5.4760d, 


2.8265e 


2.5492e 


1.9321e 


2.7266e, 

3.8408e, 

5.1301e, 

5.2370e, 

5.2154e, 

5.3800e, 

5.7717e, 

6.0842e, 


4.1876e, 

4.3661e, 

4.6045e, 

4.3874e, 

4.6472e, 

4.4874e, 

5.0338e, 

4.9865e, 


3.6496e, 

5.0960e, 

5.4920e, 

5.6180e, 

5.5953e, 

5.8154e, 

7.2125e, 

0.0031 


5.0013e, 

3.7220e, 

4.4420e, 

3.7458e, 

4.5256e, 

4.7714e, 

4.6309e, 


5.9450d, 

8.9360d, 

6.8050d, 

1.3093e, 

6.8240d, 

1.3093e, 

7.9690d, 

^^056^ 


7.9570d, e.lOOOd, 
7.6050d, 1.3093e, 
6.5970d, 8.3210d, 
9.8930d, 2.1697e, 
6.5970d, 8.3210d, 
9.7330d, 2.1125e, 
8.7880d, 1.7890e, 
2^045e^^7986^ 


6.8050d, 

e.ioood, 

7.4320d, 

e.ioood, 

7.4450d, 

e.eiood, 

9.5400d, 


6.2600d, 

8.5930d, 

7.5290d, 

8.1250d, 

7.5290d, 

8.1860d, 

6.2660d, 

^^7570^ 


8.4500d, 6.9320d, 
7.1540d, 7.9560d, 
7.2200d, 6.1970d, 
5.9680d, 3.7850d, 
7.2200d, 6.1970d, 
5.9680d, 3.7700d, 
6.0650d, 3.3680d, 
3^7210d^^^8386^ 


7.4500d, 

6.9320d, 

7.2250d, 

7.0010d, 

7.2250d, 

7.2970d, 

5.8820d, 


3.2490d, 

4.7610d, 

3.0250d, 

6.0840d, 

3.0250d, 

6.0840d, 

3.4810d, 

£^4090^ 


4.2250d, 3.1360d, 
3.6000d, 6.2410d, 
3.1360d, 3.6000d, 
4.3560d, 9.8010d, 
3.0250d, 3.6000d, 
4.3560d, 9.6040d, 
3.8440d, 8.2810d, 
^^0201e^^^2849^ 


3.1360d, 

3.0250d, 

3.4810d, 

3.0250d, 

3.4810d, 

3.0250d, 

4.2250d, 


1.9066e 


1.9652e 


1.3924e 


3.0197e, 

3.6756e, 

5.6052e, 

5.3434e, 

5.4689e, 

5.3874e, 

6.4160e, 

6.6265e, 


4.1732e, 

4.8690e, 

5.1994e, 

4.7912e, 

5.0705e, 

4.8296e, 

5.7424e, 

5.6186e, 


3.9569e, 

4.5000e, 

6.0740e, 

6.1498e, 

6.0930e, 

6.2785e, 

8.1252e, 

0.0032 


5.2925e, 

5.1209e, 

4.7317e, 

4.0706e, 

4.6580e, 

5.3737e, 

5.0362e, 


8.4250d, 7.7480d, 7.7450d, 8.1460d, 
7.7450d, 8.4500d, 8.5850d, 1.1285e, 
1.0548e, 1.0525e, 1.0900e, 1.0485e, 
l.ieOOe, 1.2125e, 2.3053e, 7.7480d, 
8.0000d, 8.2960d, l.OOOOe, 8.6080d, 
1.0877e, 1.1650e, 2.2685e, 1.0525e, 
1.0565e, 1.1188e, 1.9669e, 1.1965e, 
^£180e^^^4473e^^^9809^^^^^^ 


8.7050d, 

8.3520d, 

1.0874e, 

7.7860d, 

8.9920d, 

7.6960d, 

8.0000d, 

^^4900^ 


8.9170d, 8.6690d, 8 
8.7370d, 8.5770d, 7 
1.0330e, 7.8440d, 9. 
7.5850d, 4.6330d, 8 
8.8200d, 7.7620d, 8 
7.4890d, 4.6330d, 1 
7.9300d, 4.3720d, 7 
4^600d^^389^^ 


9050d, 

5560d, 

9850d, 

6690d, 

6560d, 

0600e, 

6500d, 


5.1840d, 

4.3560d, 

5.6250d, 

5.4760d, 

3.9690d, 

5.1840d, 

4.9000d, 

2^0816^ 


4.2250d, 4.3560d, 
4.3560d, 4.4890d, 
5.6250d, 5.0410d, 
5.9290d, 1.1449e, 
4.2250d, 4.7610d, 
5.6250d, 1.1236e, 
5.3290d, 9.6040d, 
1^1881e^^^5796^ 


4.0960d, 

5.4760d, 

5.6250d, 

4.3560d, 

4.4890d, 

5.6250d, 

5.7760d, 


Pegegg 


2.3722e, 

2.9377e, 

3.5405e, 

4.2577e, 

4.3938e, 

3.8020e, 

5.3645e, 

4.4629e, 


3.6452e, 

3.8464e, 

5.7330e, 

3.9041e, 

4.1296e, 

3.3908e, 

4.9045e, 

3.7705e, 


3.4866e, 

3.5989e, 

5.5386e, 

4.4434e, 

5.2561e, 

4.2761e, 

6.5173e, 

0.0027 


5.6537e, 

4.1645e, 

3.6650e, 

3.2456e, 

3.5620e, 

4.2029e, 

3.5066e, 


4.3280d, 

4.6800d, 

4.9860d, 

7.4210d, 

4.5250d, 

7.3970d, 

6.1330d, 

1.8056e, 


4.8200d, 

4.9640d, 

8.3450d, 

7.9370d, 

4.6730d, 

7.9210d, 

6.7600d, 

1.9700e, 


4.9860d, 

5.2650d, 

9.3160d, 

2.4592e, 

6.2900d, 

1.8596e, 

2.2160e, 

8.7425e 


8.7300d, 

7.5850d, 

5.1220d, 

4.5140d, 

5.2840d, 

4.6730d, 

7.7440d, 


4.0840d, 

4.4690d, 

4.8800d, 

3.8480d, 

4.7450d, 

3.6490d, 

4.1480d, 

2.4400d, 


4.9370d, 

4.5620d, 

7.5560d, 

3.8420d, 

4.6820d, 

3.5730d, 

4.1060d, 

2.6930d, 


4.8800d, 

4.5730d, 

7.8130d, 

4.1650d, 

4.0930d, 

2.4770d, 

4.3720d, 

2.0740e 


7.5560d, 

3.8050d, 

4.5730d, 

4.5730d, 

4.5730d, 

4.6820d, 

3.5730d, 


1.7640d, 

1.7640d, 

1.8490d, 

2.5000d, 

1.4440d, 

2.5000d, 

1.9360d, 

6.8890d, 


1.7640d, 

1.7640d, 

3.1360d, 

2.8090d, 

i.eoood, 

2.7040d, 

2.2090d, 

7.7440d, 


1.8490d, 

1.8490d, 

3.6000d, 

9.8010d, 

2.0250d, 

7.2250d, 

8.6490d, 

3.8416e 


3.2490d, 

2.6010d, 

1.8490d, 

1.6810d, 

1.8490d, 

i.eoood, 

2.7040d, 


4.7681e 


3.0197e, 

3.6756e, 

4.0325e, 

4.5785e, 

5.6521e, 

5.4445e, 

6.4160e, 

6.6265e, 


4.1732e, 3.9569e, 
4.8690e, 4.5000e, 
5.3802e, 4.9860e, 
5.2865e, 4.7248e, 
5.2445e, 6.1956e, 
4.8865e, 6.3730e, 
5.7424e, 8.1252e, 
5.6186e, 0.0032 


5.2925e, 

5.1209e, 

5.9714e, 

6.0745e, 

4.8177e, 

5.3737e, 

5.0362e, 


8.4500d, 

7.7450d, 

7.7450d, 

8.6080d, 

1.0573e, 

1.1393e, 

1.0309e, 

2.1893e, 


7.7480d, 

8.2690d, 

7.9690d, 

1.0877e, 

1.0525e, 

1.1912e, 

1.0985e, 

2.4170e, 


7.7450d, 8.1460d, 
8.5850d, l.lOSOe, 
8.2690d, l.OOOOe, 
l.ieOle, 2.3273e, 
1.0504e, 1.0282e, 
2.2469e, 1.0525e, 
1.9325e, 1.1912e, 
8.9730e 


8.8820d, 

8.3520d, 

8.6690d, 

8.5770d, 

1.0685e, 

7.6250d, 

8.0000d, 

4.4900d, 


8.7460d, 

8.7370d, 

8.9920d, 

7.6250d, 

1.0413e, 

7.5850d, 

7.7690d, 

4.6600d, 


8.6690d, 

8.5770d, 

8.8200d, 

7.4240d, 

7.9210d, 

4.4980d, 

4.3720d, 

1.7389e 


8.9050d, 

7.5560d, 

7.6850d, 

4.6400d, 

9.9850d, 

1.0413e, 

7.6500d, 


5.1840d, 

4.3560d, 

4.3560d, 

4.4890d, 

5.6250d, 

5.4760d, 

4.9000d, 

1.0816e, 


4.2250d, 

4.2250d, 

3.9690d, 

5.3290d, 

5.6250d, 

5.7760d, 

5.1840d, 

1.1881e, 


4.3560d, 

4.4890d, 

4.2250d, 

5.6250d, 

4.9000d, 

1.1025e, 

9.6040d, 

4.5796e 


4.0960d, 

5.3290d, 

4.7610d, 

1.1236e, 

5.6250d, 

5.6250d, 

5.7760d, 


Pgegeg 


9.8957e 


2.4250e, 

3.3181e, 

3.2456e, 

3.8081e, 

3.5605e, 

5.1280e, 

5.2385e, 

5.2496e, 


3.6658e, 

5.2317e, 

4.4005e, 

4.5610e, 

5.5009e, 

4.1993e, 

4.1282e, 

4.0385e, 


3.2125e, 

3.7402e, 

3.9005e, 

3.4697e, 

4.1296e, 

4.9613e, 

5.7556e, 

0.0027 


4.2841e, 

4.4225e, 

4.3552e, 

4.3733e, 

5.0866e, 

4.2434e, 

4.3749e, 


4.5370d, 

5.2370d, 

4.7140d, 

5.3650d, 

5.0690d, 

9.4900d, 

6.6420d, 

2.4697e, 


5.0440d, 

9.0890d, 

4.9160d, 

7.6330d, 

7.7800d, 

8.1490d, 

7.4120d, 

1.9769e, 


4.7140d, 

5.3780d, 

5.3650d, 

8.1040d, 

5.0660d, 

2.4973e, 

1.6553e, 

8.6333e 


4.9160d, 

7.7930d, 

7.0810d, 

1.8938e, 

6.7880d, 

5.0660d, 

7.9700d, 


4.3730d, 

4.9540d, 

4.8800d, 

4.8100d, 

5.1970d, 

7.9130d, 

4.3840d, 

4.7050d, 


5.0660d, 

7.6500d, 

4.9930d, 

4.2970d, 

7.3090d, 

4.2050d, 

4.0100d, 

2.8010d, 


4.8250d, 

4.8800d, 

4.9960d, 

3.9610d, 

4.9300d, 

4.5890d, 

2.3780d, 

1.9720e 


4.9930d, 

4.2500d, 

4.0570d, 

2.6280d, 

4.3290d, 

4.9300d, 

4.2050d, 


1.9360d, 

2.1160d, 

1.8490d, 

2.0250d, 

1.9360d, 

3.9690d, 

2.2090d, 

l.OOOOe, 


1.9360d, 

3.7210d, 

1.7640d, 

2.7040d, 

3.0250d, 

2.9160d, 

2.6010d, 

7.9210d, 


1.8490d, 

2.0250d, 

1.9360d, 

3.0250d, 

1.8490d, 

1.0201e, 

6.4000d, 

3.8416e 


1.7640d, 

2.8090d, 

2.4010d, 

7.5690d, 

2.3040d, 

1.7640d, 

2.8090d, 


7.6729e 


2.1097e, 

2.7421e, 

2.7508e, 

2.9905e, 

2.9597e, 

3.9869e, 

3.5033e, 

3.7120e, 


3.0185e, 

4.0482e, 

3.4154e, 

3.0625e, 

4.3034e, 

7.0690e, 

3.1700e, 

3.2840e, 


2.9017e, 

3.9266e, 

3.1912e, 

2.8240e, 

4.1353e, 

7.1045e, 

4.2562e, 

0.0015 


4.1992e, 

7.1018e, 

3.3525e, 

3.5197e, 

6.9269e, 

3.3125e, 

2.9245e, 


4.1410d, 

4.1490d, 

4.5610d, 

5.0320d, 

4.2640d, 

4.7970d, 

6.2800d, 

1.5885e, 


4.2050d, 

4.7560d, 

4.8010d, 

6.6560d, 

4.4960d, 

1.1674e, 

6.6250d, 

1.6904e, 


4.2640d, 

4.9300d, 

4.9810d, 

7.0130d, 

4.6250d, 

1.3252e, 

1.5385e, 

8.7125e 


4.4960d, 

1.2325e, 

6.4660d, 

1.6388e, 

1.0169e, 

4.9320d, 

6.8170d, 


2.2370d, 

2.4340d, 

2.4050d, 

2.2850d, 

2.4650d, 

2.6650d, 

1.7450d, 

1.7650d, 


2.4650d, 

2.6650d, 

2.3720d, 

l.SOOOd, 

2.6090d, 

5.5250d, 

1.7300d, 

1.9400d, 


2.4340d, 

2.7250d, 

2.3120d, 

1.7890d, 

2.6650d, 

6.1090d, 

1.6490d, 

1.5538e 


2.7040d, 

5.8130d, 

1.7450d, 

1.8320d, 

4.8400d, 

2.3410d, 

1.7890d, 


8.4100c, 

7.8400c, 

8.4100c, 

9.0000c, 

7.2900c, 

8.4100c, 

1.1560d, 

4.3560d, 


7.2900c, 7.8400c, 
7.8400c, 8.4100c, 
7.8400c, 8.4100c, 
1.2960d, 1.4440d, 
6.7600c, 7.2900c, 
2.8090d, 3.3640d, 
1.2250d, 4.0960d, 
4.6240d, 3.3124e 


7.2900c, 

3.1360d, 

1.1560d, 

4.4890d, 

2.3040d, 

8.4100c, 

1.3690d, 


Pggege 


4.1425e 


3.4225e 


2.3985e, 

2.9690e, 

3.5405e, 

3.7025e, 

3.5752e, 

3.7402e, 

5.4920e, 

4.5621e, 


3.3800e, 

3.7700e, 

4.3938e, 

3.7953e, 

4.4770e, 

3.8792e, 

5.4650e, 

4.0673e, 


3.5060e, 

3.6360e, 

5.4401e, 

3.9041e, 

5.4721e, 

3.9538e, 

6.7010e, 

0.0027 


4.3181e, 

3.6682e, 

5.2474e, 

4.2400e, 

5.3554e, 

4.3893e, 

4.0784e, 


4.4100d 

4.7780d, 

4.9570d, 

5.3930d 

4.9570d, 

5.3780d, 

8.5280d, 

1.8369e, 


4.5810d, 

5.3930d, 

4.6490d, 

7.5730d, 

4.6490d, 

7.4050d, 

6.3050d, 

2.5856e, 


5.0960d, 
5.3930d, 
8.9170d, 
8.3060d, 
8.7300d, 
8.1250d, 
2.2525e, 
8.74666 


4.7860d, 

7.7480d, 

6.6250d, 

1.8913e, 

6.4640d, 

1.8640e, 

7.9460d, 


4.2050d, 

4.6450d, 

5.0090d, 

4.7530d, 

5.0660d, 

4.7530d, 

7.5560d, 

^330^ 


4.7530d, 5.0090d, 
4.7530d, 4.6980d, 
4.8680d, 7.6500d, 
3.7640d, 4.0000d, 
4.9330d, 7.7170d, 
3.8050d, 4.0000d, 
4.3220d, 4.6280d, 
^520d^^506^ 


4.8680d, 

3.7640d, 

4.2100d, 

2.5700d, 

4.2650d, 

2.5700d, 

4.0410d, 


1.8490d, 

1.8490d, 

1.9360d, 

1.9360d, 

1.8490d, 

1.9360d, 

3.3640d, 

7.0560d, 


1.6810d, 1.9360d, 
1.8490d, 1.9360d, 
1.6000d, 3.6000d, 
2.6010d, 2.9160d, 
1.6000d, 3.4810d, 
2.6010d, 2.8090d, 
2.1160d, 9.0250d, 
^609e^^l6^ 


I.eoood, 

2.7040d, 

2.2090d, 

7.3960d, 

2.1160d, 

7.2250d, 

2.8090d, 


2.1073e, 

2.7325e, 

2.9017e, 

3.9637e, 

2.9306e, 

4.0010e, 

4.1738e, 

7.3157e, 


2.9890e, 

4.1000e, 

4.2772e, 

7.3225e, 

4.3165e, 

7.3053e, 

7.1381e, 

3.1322e, 


2.6874e, 

2.9097e, 

3.1714e, 

2.7592e, 

3.1912e, 

2.7914e, 

3.0985e, 

0.0015 


3.3256e, 

2.9250e, 

3.2786e, 

3.3898e, 

3.3525e, 

3.4697e, 

4.1093e, 


4.1050d, 

4.0970d, 

4.2100d 

4.8400d, 

4.2100d 

4.7090d, 

4.5370d, 

1.3058e, 


4.1490d, 

4.6660d, 

4.4100d, 

1.2356e, 

4.4100d, 

1.1920e, 

9.9970d, 

1.6916e, 


4.5700d, 

5.0850d, 

4.9010d, 

7.0480d, 

4.9010d, 

6.8850d, 

6.6890d, 

8.8290e 


4.8500d, 

6.6890d, 

6.4970d, 

1.6400e, 

6.3400d, 

1.6145e, 

1.5392e, 


2.1460d, 

2.3120d, 

2.3410d, 

2.6280d, 

2.3410d, 

2.6280d, 

2.6090d, 

6.1090d, 


2.3720d, 

2.6650d, 

2.6090d, 

5.7130d, 

2.6090d, 

5.5700d, 

4.7540d, 

1.9300d, 


2.3120d, 

2.1940d, 

2.2210d, 

1.6970d, 

2.2210d, 

1.6970d, 

1.7170d, 

1.6164e 


2.2500d, 

1.7060d, 

1.6490d, 

1.8180d, 

1.6490d, 

1.8180d, 

1.6370d, 


8.4100c, 

7.2900c, 

7.2900c, 

7.8400c, 

6.7600c, 

7.8400c, 

6.7600c, 

3.2490d, 


6.7600c, 

7.2900c, 

6.2500c, 

3.0250d, 

6.2500c, 

2.9160d, 

2.2090d, 

4.6240d, 


7.8400c, 

9.0000c, 

7.8400c, 

1.3690d, 

7.8400c, 

1.3690d, 

1.2250d, 

3.3124e 


7.2900c, 

1.2960d, 

1.1560d, 

4.3560d, 

1.0890d, 

4.3560d, 

3.9690d, 


Table 9: The same as Table Js 
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1.6250d, 

2.4660d, 

3.1460d, 

3.6010d, 

3.5810d, 

4.2500d, 

3.6040d, 

2.6120d, 

3.5810d, 

4.2500d, 

3.7300d, 

2.7540d, 

4.3920d, 

3.8260d, 

2.8090d, 

^^5810^ 


2.4980d, 2.6090d, 
3.4850d, 4.6250d, 
3.1690d, 3.9780d, 
3.4900d, 3.0880d, 
3.4850d, 4.6730d, 
4.0960d, 4.2120d, 
3.4820d, 3.2650d, 
2.4250d, 6.0020d, 
3.6020d, 4.8100d, 
4.2250d, 4.3940d, 
3.6040d, 3.3620d, 
2.4740d, 6.2290d, 
4.2500d, 4.5460d, 
3.5240d, 8.4500d, 
2.6650d, 6.4660d, 
5^3380d^^909^ 


3.8210d, 

2.1730d, 

2.8730d, 

2.4050d, 

3.2800d, 

2.9530d, 

3.1360d, 

2.4050d, 

3.2800d, 

2.9530d, 

3.2490d, 

3.3700d, 

3.8530d, 

3.3650d, 

2.0500d, 


6.5600c, 

8.6500c, 

9.0100c, 

9.4100c, 

9.3200c, 

9.6200c, 

9.6200c, 

1.1050d, 

9.3200c, 

9.6200c, 

9.6200c, 

1.1050d, 

9.8500c, 

1.0930d, 

1.1050d, 

3.7890d, 


8.1800c, 

9.3200c, 

9.0100c, 

1.0210d, 

9.3200c, 

1.1050d, 

9.4100c, 

1.1140d, 

9.3200c, 

1.1050d, 

9.4100c, 

1.1140d, 

9.6200c, 

1.1650d, 

1.1050d, 

3.8800d, 


8.6500c, 

1.1300d, 

9.6200c, 

1.1050d, 

9.8500c, 

1.1600d, 

1.0980d, 

3.6170d, 

9.8500c, 

1.1570d, 

1.0980d, 

3.5300d, 

1.0890d, 

3.2080d, 

3.5280d, 

2.7073e 


9.3200c, 

7.4000c, 

8.5000c, 

7.8500c, 

9.0100c, 

8.5000c, 

9.4100c, 

7.8500c, 

9.0100c, 

8.5000c, 

9.4100c, 

9.3200c, 

9.6200c, 

9.4100c, 

1.1140d, 


5.7800c, 

7.4000c, 

7.2500c, 

6.7400c, 

7.9300c, 

7.4000c, 

6.7400c, 

3.2500c, 

7.9300c, 

7.4000c, 

6.7400c, 

3.2500c, 

7.9300c, 

4.1000c, 

3.6000c, 

8.5000b, 


6.7400c, 

7.9300c, 

7.2500c, 

7.4000c, 

7.9300c, 

7.9300c, 

6.7400c, 

3.2500c, 

7.9300c, 

7.9300c, 

6.7400c, 

3.2500c, 

7.4000c, 

4.1000c, 

3.2500c, 

1.0400c, 


7.4000c, 

8.4800c, 

7.4000c, 

3.6000c, 

7.9300c, 

4.4900c, 

3.6000c, 

7.3000b, 

7.9300c, 

4.4900c, 

4.1000c, 

7.3000b, 

4.9000c, 

2.5000b, 

5.8000b, 

6.9530d 


7.9300c, 

6.2500c, 

6.7400c, 

6.7400c, 

7.4000c, 

6.7400c, 

6.2500c, 

6.7400c, 

7.4000c, 

7.2500c, 

6.2500c, 

7.4000c, 

6.8900c, 

6.7400c, 

2.9200c, 


5.2900c, 

7.2900c, 

7.2900c, 

6.7600c, 

7.8400c, 

7.2900c, 

6.7600c, 

3.2400c, 

7.8400c, 

7.2900c, 

6.7600c, 

3.2400c, 

7.8400c, 

4.0000c, 

3.6100c, 

6.4000b, 


6.7600c, 

7.8400c, 

7.2900c, 

7.2900c, 

7.8400c, 

7.8400c, 

6.7600c, 

3.2400c, 

7.8400c, 

8.4100c, 

6.7600c, 

3.2400c, 

7.2900c, 

4.0000c, 

3.2400c, 

8.1000b, 


7.2900c, 

8.4100c, 

7.2900c, 

3.6100c, 

7.8400c, 

4.4100c, 

3.6100c, 

4.9000b, 

7.8400c, 

4.4100c, 

4.0000c, 

4.9000b, 

4.8400c, 

9.0000a, 

3.6000b, 

6.8890d 


7.8400c, 

6.2500c, 

6.7600c, 

6.7600c, 

7.2900c, 

7.2900c, 

6.2500c, 

6.7600c, 

7.2900c, 

7.2900c, 

6.2500c, 

7.2900c, 

7.2900c, 

6.7600c, 

2.8900c, 


1.5170d, 

2.1380d, 

2.1250d, 

2.7700d, 

2.2600d, 

3.0600d, 

3.1330d, 

2.4400d, 

3.4850d, 

3.9850d, 

3.7220d, 

2.4740d, 

4.2410d, 

3.4900d, 

2.7620d, 

5.0580d, 


2.4400d, 

3.2570d, 

3.3140d, 

3.4810d, 

3.5890d, 

3.9780d, 

3.4820d, 

2.2100d, 

3.2570d, 

3.7370d, 

3.3650d, 

2.1760d, 

3.9850d, 

3.0770d, 

2.4740d, 

5.1210d, 


2.3140d, 

3.1460d, 

2.9530d, 

3.2490d, 

3.2570d, 

3.7300d, 

3.0420d, 

5.3890d, 

4.3920d, 

3.8970d, 

3.2040d, 

5.9240d, 

4.2850d, 

7.9010d, 

5.9130d, 

9.0817e 


3.5810d, 

4.2500d, 

3.8450d, 

2.9000d, 

4.5140d, 

3.8260d, 

3.1400d, 

2.2250d, 

3.0370d, 

2.8730d, 

3.0260d, 

3.1460d, 

3.4850d, 

3.2500d, 

1.8850d, 


6.1700c, 

7.3000c, 

7.7300c, 

8.3200c, 

7.7300c, 

8.3200c, 

1.0180d, 

1.2290d, 

9.1400c, 

9.5300c, 

9.2800c, 

1.0330d, 

9.5300c, 

1.0250d, 

1.2290d, 

3.6170d, 


7.7300c, 

8.8100c, 

1.0180d, 

9.0500c, 

1.0530d, 

9.2800c, 

9.0500c, 

1.0400d, 

9.1400c, 

9.2800c, 

9.2800c, 

1.0330d, 

9.5300c, 

1.0250d, 

1.0330d, 

3.7060d, 


7.7300c, 

8.8100c, 

8.3200c, 

8.5000c, 

8.8100c, 

9.2800c, 

1.2260d, 

3.5300d, 

9.5300c, 

1.0240d, 

1.0280d, 

3.4450d, 

1.0250d, 

3.1250d, 

3.3620d, 

2.6645e 


9.1400c, 

9.5300c, 

9.2800c, 

1.0280d, 

9.5300c, 

1.0240d, 

9.0500c, 

7.7300c, 

8.3200c, 

8.3200c, 

8.5000c, 

8.8100c, 

9.2800c, 

9.0500c, 

1.0400d, 


4.7700c, 

5.7800c, 

5.7800c, 

6.2500c, 

6.2500c, 

6.7400c, 

7.9300c, 

3.7300c, 

7.2500c, 

6.7400c, 

6.2500c, 

2.9200c, 

6.7400c, 

3.6000c, 

4.1000c, 

1.0400c, 


6.2500c, 

6.7400c, 

7.9300c, 

6.2500c, 

7.9300c, 

6.7400c, 

6.2500c, 

2.6100c, 

7.2500c, 

6.7400c, 

6.2500c, 

2.9200c, 

6.7400c, 

3.6000c, 

2.9200c, 

1.2500c, 


6.2500c, 

6.7400c, 

6.7400c, 

6.2500c, 

6.7400c, 

6.7400c, 

4.4900c, 

8.5000b, 

7.2500c, 

3.9700c, 

3.2500c, 

8.5000b, 

3.9700c, 

4.5000b, 

6.8000b, 

7.1370d 


7.2500c, 

6.7400c, 

6.7400c, 

3.2500c, 

7.2500c, 

3.9700c, 

5.7800c, 

6.2500c, 

6.7400c, 

6.2500c, 

5.7800c, 

6.7400c, 

6.2500c, 

5.7800c, 

2.6100c, 


4.8400c, 

5.7600c, 

5.7600c, 

6.2500c, 

6.2500c, 

6.7600c, 

7.8400c, 

3.6100c, 

7.2900c, 

6.7600c, 

6.2500c, 

2.8900c, 

6.7600c, 

3.6100c, 

4.0000c, 

1.0000c, 


6.2500c, 

6.7600c, 

7.8400c, 

6.2500c, 

7.8400c, 

6.7600c, 

6.2500c, 

2.5600c, 

7.2900c, 

6.7600c, 

6.2500c, 

2.8900c, 

6.7600c, 

3.2400c, 

2.8900c, 

1.2100c, 


6.2500c, 

6.7600c, 

6.7600c, 

6.2500c, 

6.7600c, 

6.7600c, 

4.4100c, 

6.4000b, 

7.2900c, 

4.0000c, 

3.2400c, 

6.4000b, 

4.0000c, 

2.5000b, 

4.9000b, 

7.0560d 


7.2900c, 

6.7600c, 

6.7600c, 

3.2400c, 

7.2900c, 

4.0000c, 

5.7600c, 

6.2500c, 

6.7600c, 

6.2500c, 

5.7600c, 

6.7600c, 

6.2500c, 

6.2500c, 

2.5600c, 


Pgeeggg 


1.3000d, 

1.9610d, 

1.7690d, 

2.3410d, 

1.8820d, 

2.5970d, 

2.3720d, 

2.3400d, 

2.0420d, 

3.0650d, 

3.0340d, 

2.2100d, 

3.6010d, 

3.3300d, 

1.8050d, 

^^ 3600 ^ 


2.1250d, 2.1250d, 
3.2500d, 3.1410d, 
2.6260d, 2.5290d, 
2.9250d, 2.8250d, 
2.8730d, 2.7970d, 
3.4810d, 3.3640d, 
2.7200d, 2.6170d, 
1.5850d, 1.4120d, 
3.3610d, 3.2500d, 
5.0000d, 4.8820d, 
2.9250d, 2.6930d, 
2.0530d, 3.1120d, 
3.4810d, 3.9860d, 
3.1250d, 4.7610d, 
1.6200d, 4.9330d, 
4£010d^^57^ 


3.4450d, 

5.2480d, 

3.2530d, 

2.4660d, 

3.8480d, 

3.7570d, 

2.0410d, 

4.5890d, 

5.3780d, 

2.4340d, 

2.6260d, 

2.6960d, 

3.1370d, 

2.5250d, 

1.2200d, 


6.1300c, 

7.2200c, 

6.8500c, 

8.0800c, 

7.2200c, 

8.0800c, 

7.7300c, 

7.9400c, 

7.2200c, 

8.5300c, 

8.2100c, 

9.0000c, 

9.0100c, 

9.6500c, 

9.0100c, 

3.2850d, 


7.6100c, 

8.9000c, 

8.0800c, 

8.2100c, 

8.4500c, 

9.0100c, 

8.4500c, 

9.0100c, 

8.9000c, 

1.2850d, 

8.2100c, 

9.0100c, 

9.0100c, 

9.6500c, 

9.0100c, 

3.3700d, 


7.6100c, 

8.5300c, 

8.0800c, 

7.9400c, 

8.4500c, 

9.0100c, 

8.4500c, 

9.0400c, 

8.9000c, 

1.2850d, 

9.6200c, 

3.2180d, 

9.7700c, 

2.9860d, 

3.0420d, 

2.5801e 


8.9000c, 

1.2850d, 

8.7200c, 

9.0000c, 

9.3200c, 

9.7000c, 

9.0000c, 

3.2020d, 

1.2850d, 

8.0800c, 

7.9400c, 

8.0800c, 

8.7200c, 

7.9400c, 

9.0400c, 


3.8600c, 

4.7700c, 

4.7700c, 

5.2000c, 

4.7700c, 

5.2000c, 

5.2000c, 

4.3600c, 

4.7700c, 

5.6500c, 

4.7700c, 

2.2100c, 

5.6500c, 

2.8100c, 

1.9400c, 

1.9700c, 


5.2000c, 

5.6500c, 

5.2000c, 

4.7700c, 

5.6500c, 

5.2000c, 

4.7700c, 

1.9400c, 

6.1200c, 

7.9300c, 

4.7700c, 

2.2100c, 

5.6500c, 

2.8100c, 

1.9400c, 

1.9700c, 


5.2000c, 

5.6500c, 

5.2000c, 

4.7700c, 

5.6500c, 

5.2000c, 

4.7700c, 

1.6900c, 

6.1200c, 

7.9300c, 

2.5000c, 

5.8000b, 

3.6000c, 

1.7000b, 

1.4500c, 

7.6690d 


6.2500c, 

8.4800c, 

5.2000c, 

2.2100c, 

5.6500c, 

3.2500c, 

2.2100c, 

1.7000c, 

8.4800c, 

5.2000c, 

4.7700c, 

5.6500c, 

5.2000c, 

4.3600c, 

1.6900c, 


4.0000c, 

4.8400c, 

4.4100c, 

5.2900c, 

4.8400c, 

5.2900c, 

5.2900c, 

4.4100c, 

4.8400c, 

5.7600c, 

4.8400c, 

2.2500c, 

5.7600c, 

2.8900c, 

1.9600c, 

1.6900c, 


4.8400c, 

5.7600c, 

5.2900c, 

4.8400c, 

5.7600c, 

5.2900c, 

4.8400c, 

1.9600c, 

6.2500c, 

8.4100c, 

4.8400c, 

1.9600c, 

5.2900c, 

2.8900c, 

1.9600c, 

1.9600c, 


4.8400c, 

5.7600c, 

5.2900c, 

4.8400c, 

5.7600c, 

5.2900c, 

4.8400c, 

1.6900c, 

5.7600c, 

7.8400c, 

2.5600c, 

3.6000b, 

3.2400c, 

1.0000a, 

1.2100c, 

7.5690d 


6.2500c, 

8.4100c, 

5.2900c, 

2.2500c, 

5.7600c, 

3.2400c, 

2.2500c, 

1.4400c, 

8.4100c, 

5.2900c, 

4.4100c, 

5.7600c, 

5.2900c, 

4.4100c, 

1.6900c, 


1.3010d, 

1.8320d, 

1.7650d, 

2.3780d, 

1.8850d, 

2.4250d, 

2.1760d, 

2.2810d, 

1.9010d, 

2.6450d, 

2.4650d, 

3.4450d, 

2.9780d, 

2.0800d, 

1.6640d, 

2.6690d, 


1.9720d, 

2.7880d, 

2.6450d, 

3.6500d, 

2.6010d, 

2.8730d, 

2.5290d, 

1.5700d, 

2.8850d, 

3.9650d, 

3.7690d, 

6.0840d, 

2.8730d, 

1.8850d, 

1.5700d, 

2.5000d, 


1.9720d, 

2.7380d, 

2.5540d, 

3.5600d, 

2.6010d, 

2.6960d, 

2.4340d, 

1.4050d, 

2.7880d, 

3.8420d, 

3.6500d, 

6.0880d, 

2.5290d, 

4.0180d, 

3.1060d, 

4.2250e 


2.9840d, 

4.1960d, 

3.8650d, 

6.2450d, 

3.1690d, 

2.2850d, 

1.8640d, 

2.8250d, 

4.3250d, 

6.4810d, 

6.2570d, 

2.4250d, 

2.5970d, 

2.3410d, 

1.2500d, 


5.4900c, 

6.5000c, 

6.5000c, 

7.6100c, 

6.5000c, 

7.2400c, 

7.2400c, 

7.2500c, 

6.5000c, 

7.6100c, 

7.6100c, 

8.3200c, 

8.0100c, 

7.8800c, 

7.8800c, 

2.4580d, 


6.5000c, 

7.6100c, 

7.6100c, 

8.3200c, 

7.6100c, 

8.0100c, 

7.2500c, 

7.8500c, 

7.6100c, 

8.3200c, 

8.3200c, 

1.5880d, 

8.0100c, 

7.8800c, 

7.8500c, 

2.5250d, 


6.5000c, 

7.6100c, 

7.6100c, 

8.3200c, 

7.2400c, 

7.7200c, 

7.2500c, 

7.8500c, 

7.6100c, 

8.3200c, 

8.3200c, 

1.5880d, 

7.9300c, 

2.3300d, 

2.3930d, 

1.8178e 


7.6100c, 

8.6500c, 

8.3200c, 

1.5130d, 

8.0100c, 

7.9300c, 

7.8800c, 

2.4580d, 

8.6500c, 

1.4170d, 

1.5130d, 

7.2400c, 

7.2500c, 

7.2500c, 

7.8500c, 


2.7200c, 

3.4900c, 

3.1400c, 

3.4900c, 

3.1400c, 

3.4900c, 

3.4900c, 

2.8100c, 

3.4900c, 

3.8600c, 

3.4900c, 

3.8600c, 

3.1400c, 

1.3700c, 

1.1600c, 

1.4500c, 


3.4900c, 

3.8600c, 

3.8600c, 

3.8600c, 

3.8600c, 

3.1400c, 

3.1400c, 

1.1600c, 

3.8600c, 

4.2500c, 

3.8600c, 

5.7800c, 

3.1400c, 

1.1600c, 

1.1600c, 

1.4500c, 


3.4900c, 

3.8600c, 

3.8600c, 

3.8600c, 

3.4900c, 

3.1400c, 

3.1400c, 

9.7000b, 

3.8600c, 

3.8600c, 

3.8600c, 

5.7800c, 

1.3700c, 

1.0100c, 

1.2200c, 

3.9940d 


3.8600c, 

4.2500c, 

3.8600c, 

5.7800c, 

3.4900c, 

1.3700c, 

1.1600c, 

1.2200c, 

4.2500c, 

5.3300c, 

5.7800c, 

3.4900c, 

3.1400c, 

2.8100c, 

9.7000b, 


2.8900c, 

3.2400c, 

3.2400c, 

3.6100c, 

3.2400c, 

3.6100c, 

3.2400c, 

2.8900c, 

3.2400c, 

3.6100c, 

3.6100c, 

4.0000c, 

3.2400c, 

1.2100c, 

1.0000c, 

1.2100c, 


3.6100c, 

4.0000c, 

3.6100c, 

4.0000c, 

3.6100c, 

3.2400c, 

2.8900c, 

1.0000c, 

4.0000c, 

4.0000c, 

4.0000c, 

5.7600c, 

3.2400c, 

1.2100c, 

1.0000c, 

1.4400c, 


3.2400c, 

4.0000c, 

3.6100c, 

4.0000c, 

3.6100c, 

3.2400c, 

2.8900c, 

1.0000c, 

4.0000c, 

4.0000c, 

4.0000c, 

5.7600c, 

1.4400c, 

8.1000b, 

1.0000c, 

3.8440d 


4.0000c, 

4.0000c, 

4.0000c, 

5.7600c, 

3.2400c, 

1.4400c, 

1.2100c, 

1.2100c, 

4.4100c, 

5.2900c, 

5.7600c, 

3.6100c, 

2.8900c, 

2.8900c, 

8.1000b, 


1.3520d, 

1.9010d, 

1.8320d, 

2.4650d, 

1.9010d, 

2.6000d, 

2.4650d, 

3.3320d, 

1.9720d, 

2.6930d, 

2.5540d, 

3.4450d, 

2.6930d, 

3.6250d, 

3.4180d, 

5.1850d, 


2.0450d, 

2.7880d, 

2.6450d, 

3.6500d, 

2.8850d, 

3.8420d, 

3.6250d, 

5.3330d, 

2.8850d, 

3.9650d, 

3.7440d, 

5.3380d, 

4.0690d, 

5.5570d, 

5.4920d, 

2.7450d, 


2.0250d, 

2.6010d, 

2.4250d, 

2.5000d, 

2.6450d, 

2.8730d, 

2.5970d, 

1.5850d, 

2.6450d, 

2.9530d, 

2.5970d, 

1.6810d, 

2.9530d, 

2.1050d, 

1.6810d, 

4.2850e 


2.8330d, 

3.1690d, 

2.8730d, 

1.9700d, 

3.2570d, 

2.5290d, 

2.0570d, 

3.2170d, 

3.3700d, 

2.6570d, 

2.1690d, 

3.3130d, 

2.7560d, 

4.5140d, 

3.5300d, 


5.4900c, 

6.5000c, 

6.1300c, 

7.2400c, 

6.5000c, 

7.2400c, 

7.2400c, 

8.0100c, 

6.5000c, 

7.2400c, 

7.2400c, 

8.0100c, 

7.2400c, 

8.0100c, 

8.0100c, 

1.5440d, 


6.8500c, 

7.2400c, 

7.2400c, 

8.0100c, 

7.2400c, 

8.0100c, 

8.0100c, 

1.4690d, 

8.0200c, 

8.3200c, 

8.0100c, 

1.4690d, 

8.3200c, 

1.3250d, 

1.3960d, 

2.4580d, 


6.8500c, 

7.2400c, 

7.2400c, 

6.9800c, 

7.2400c, 

7.7200c, 

7.2500c, 

7.8500c, 

7.6500c, 

7.7200c, 

7.2500c, 

7.8500c, 

7.7200c, 

7.8800c, 

7.8500c, 

1.7620e 


7.6500c, 

7.7200c, 

7.7200c, 

7.8500c, 

7.7200c, 

7.8800c, 

7.8800c, 

2.3930d, 

7.7200c, 

7.8800c, 

7.8800c, 

2.3930d, 

7.9300c, 

2.3300d, 

2.3300d, 


2.8100c, 

3.4900c, 

3.1400c, 

3.4900c, 

3.4900c, 

3.8600c, 

3.8600c, 

3.8600c, 

3.4900c, 

3.8600c, 

3.8600c, 

3.8600c, 

3.8600c, 

3.8600c, 

3.8600c, 

5.3300c, 


3.4900c, 

3.8600c, 

3.8600c, 

3.8600c, 

3.8600c, 

3.8600c, 

3.8600c, 

5.3300c, 

3.8600c, 

4.2500c, 

3.8600c, 

5.3300c, 

4.2500c, 

4.9000c, 

5.3300c, 

1.2200c, 


3.4900c, 

3.8600c, 

3.4900c, 

3.1400c, 

3.8600c, 

3.1400c, 

3.1400c, 

1.1600c, 

3.8600c, 

3.4900c, 

3.1400c, 

1.1600c, 

3.4900c, 

1.3700c, 

1.1600c, 

3.5060d 


3.8600c, 

3.4900c, 

3.1400c, 

1.3700c, 

3.4900c, 

1.6000c, 

1.3700c, 

1.0100c, 

3.4900c, 

1.6000c, 

1.3700c, 

1.0100c, 

1.6000c, 

8.2000b, 

8.2000b, 


2.8900c, 

3.2400c, 

3.2400c, 

3.6100c, 

3.2400c, 

4.0000c, 

3.6100c, 

3.6100c, 

3.6100c, 

4.0000c, 

3.6100c, 

4.0000c, 

4.0000c, 

4.0000c, 

4.0000c, 

5.2900c, 


3.6100c, 

4.0000c, 

4.0000c, 

4.0000c, 

4.0000c, 

4.0000c, 

4.0000c, 

5.2900c, 

4.0000c, 

4.0000c, 

4.0000c, 

5.2900c, 

4.0000c, 

4.8400c, 

5.2900c, 

1.0000c, 


3.6100c, 

3.6100c, 

3.6100c, 

2.8900c, 

3.6100c, 

3.2400c, 

3.2400c, 

1.0000c, 

3.6100c, 

3.2400c, 

3.2400c, 

1.2100c, 

3.2400c, 

1.2100c, 

1.2100c, 

3.4810d 


4.0000c, 

3.6100c, 

3.2400c, 

1.2100c, 

3.6100c, 

1.4400c, 

1.2100c, 

8.1000b, 

3.6100c, 

1.4400c, 

1.4400c, 

8.1000b, 

1.6900c, 

6.4000b, 

8.1000b, 


Table 11 : The same as Table (10) but ^ 


4^6 72 

5 ’ A 


TSe 73 

9 > A 


503 74 

8 ’ A 


3Se 75 

4 ’ A 


^ and ^ 


9^6 

10 • 
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higher probabilities than any marked state probabilities throngh other times. Farther increasing 
of 7 j and for different valnes of times, one can not distingnish the probabilities of some marked 
states for the different nnmber of qnbits, where some of nn-marked states dne to the inflnence 
of large dissipation exchange their valnes either increase or decrease the probabilities of marked 
states. Moreover, if dissipation rates are taken to be 7 * = X9n, ^ = 1,2, ...,iV, one determines 
and observes at different times the probabilities of some marked states for different valnes of 
the nnmber of N. However, when 7 * > X6n, we can not distingnish any marked states where 
very small valnes for the probability of marked state is shown. Which means that both marked 
and nn-marked states have the same chance to contribnte. One conclndes that at 7 * > XO^, 
the system is destroyed completely as well as it can not search for any desired state whatever 
the nnmber of qnbits. It is interesting to discnss the inflnence of large valnes of dissipation on 
the probabilities of marked states at these optional times in the following scenario: 

Throngh the optional times 2 '^Ae)^ nnmber of qnbits np to = 5, we can not 

distingnish and observe the probability of any marked state for any nnmber of qnbits except 
the probabilities of marked states of the kind q 2 = {gg,eg, ge}, = {ggg,egg, geg, gge}, 
Qa = {9999, eggg,gegg,ggeg, ggge} and q^ = {ggggg,egggg,geggg,ggegg,gggeg,gggge}. As 
for the case of > 6 , we can not distingnish the probabilities of any marked states, where the 
probabilities of nn-marked states show larger valnes compared with the probability of marked 
state which shows a small valnes. 

At times one distingnishes the probability of marked state for 2—, 3— and 4—qnbit 

bnt for 5-qnbit one can not distingnish the probabilities of any marked states except the marked 
states which are of the kind q^ one can distingnish the probabilities for it. While throngh this 
time when N > 6, we can not distingnish and determine the probability of any marked state, 
where both marked and nn-marked states have the same chance to contribnte in the search. 

Also, at times t^p, we distingnish the probability of any marked state for different nnmber of 
qnbits nntil N = 5 except the probabilities of the marked states |eeee) and |eeeee). For N = 6, 
one can not observe and determine the probability of any marked state except the marked 
states of the kind qe = {gggggg,eggggg, gegggg, ggeggg, gggegg, ggggeg, ggggge}, where the 
valne of any marked state probability for this kind is distingnished and shows small valne and 
larger than the probabilities of the remaining states. However, we expect throngh these times 
for A^ > 6 that one can not distingnish and determine the probability of any marked state. 

Finally, at times it is shown that the probability of any marked state for the different 

nnmber of qnbits nntil N = 4 can be distingnished. As for 5-qnbit and 6 -qnbit, we can not 
distingnish the probability of some marked state, see Tables ( 9pT ), except the marked states 
of the kind q^ and qg. After that, throngh these times, one can not observe the probabilities 
of any marked states at N = 7 and more. Conseqnently, throngh the large dissipation valnes, 
most marked states are distingnished throngh the optional times for the different nnmber 
of qnbits. As a resnlt, one can distingnish and observe, at large valnes of dissipation, the 
probabilities of many different marked states for mnlti qnbits at different valnes of times. 
These observations give an advantage of nsing the dynamical qnantnm search algorithm with 
the dissipation are other qnantnm search algorithms. 
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